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Finnish forest industry is in the middle of a radical change. Deepening recession and the falling demand of 
woodworking industry´s traditional products have forced also sawmilling industry to find new and more fertile 
solutions to improve their operational preconditions. In recent years, the role of bioenergy production has 
often been highlighted as a part of sawmills´ business repertoire. Sawmilling produces naturally a lot of by-
products (e.g. bark, sawdust, chips) which could be exploited more effectively in energy production, and this 
would bring more incomes or maybe even create new business opportunities for sawmills. Production of 
bioenergy is also supported by government´s climate and energy policies favouring renewable energy sources, 
public financial subsidies, and soaring prices of fossil fuels. Also the decreasing production of domestic pulp 
and paper industry releases a fair amount of sawmills´ by-products for other uses. However, bioenergy 
production as a part of sawmills´ by-product utilization has been so far researched very little from a 
managerial point of view. 
 
The purpose of this study was to explore the relative significance of the main bioenergy-related processes, 
resources and factors at Finnish independent industrial sawmills including partnerships, cooperation, 
customers relationships and investments, and also the future perspectives of bioenergy business at these 
sawmills with the help of two resource-based approaches (resource-based view, natural-resource-based view). 
Data of the study comprised of secondary data (e.g. literature), and primary data which was attracted from 
interviews directed to sawmill managers (or equivalent persons in charge of decisions regarding bioenergy 
production at sawmill). While a literature review and the Delphi method with two questionnaires were utilized 
as the methods of the study. 
 
According to the results of the study, the most significant processes related to the value chain of bioenergy 
business are connected to raw material availability and procurement, and customer relationships management. 
In addition to raw material and services, the most significant resources included factory and machinery, 
personnel, collaboration, and geographic location. Long-term cooperation deals were clearly valued as the 
most significant form of collaboration, and especially in processes connected to raw material procurement. 
Study results also revealed that factors related to demand, subsidies and prices had highest importance in 
connection with sawmills´ future bioenergy business. However, majority of the respondents required that 
certain preconditions connected to the above-mentioned factors should be fulfilled before they will continue 
their bioenergy-related investments. Generally, the answers showed a wide divergence of opinions among the 
respondents which may refer to sawmills´ different emphases and expectations concerning bioenergy. In other 
words, bioenergy is still perceived as a quite novel and risky area of business at Finnish independent industrial 
sawmills. 
 
These results indicate that the massive expansion of bioenergy business at private sawmills in Finland is not a 
self-evident truth. The blocking barriers seem to be connected mainly to demand of bioenergy and money. 
Respondents´ answers disseminated a growing dissatisfaction towards the policies of authorities, which don´t 
treat equally sawmill-based bioenergy compared to other forms of bioenergy. This proposition was boiled 
down in a sawmill manager´s comment: “There is a lot of bioenergy available, if they just want to make use of 
it.” It seems that the positive effects of government´s policies favouring the renewables are not taking effect at 
private sawmills. However, as there anyway seems to be a lot of potential connected to emerging bioenergy 
business at Finnish independent industrial sawmills, there is also a clear need for more profound future studies 
over this topic. 
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Suomalainen metsäteollisuus on parhaillaan keskellä suurta muutosta. Talousnäkymien huonontuminen ja 
perinteisten puuteollisuustuotteiden kysynnän heikkeneminen on pakottanut myös sahateollisuuden hakemaan 
uusia ratkaisuja toimintaedellytystensä parantamiseksi. Viime vuosina yhtenä vaihtoehtona on usein nostettu 
esille bioenergian tuotanto osana sahojen perusliiketoimintaa. Sahauksen yhteydessä syntyy luonnostaan 
runsaasti sivutuotteita (esim. kuori, puru, hake), joiden laajamittaisempi hyödyntäminen energian tuotannossa 
voisi tuoda sahoille niiden tarvitsemia lisätuloja ja jopa kokonaan uusia liiketoimintamahdollisuuksia. 
Osaltaan bioenergian tuotantoa tukevat myös hallituksen uusiutuvia energianlähteitä suosiva ilmasto- ja 
energiapolitiikka, erilaiset bioenergialle saatavilla olevat julkiset tuet, sekä fossiilisten polttoaineiden nousevat 
hinnat. Lisäksi massa- ja paperiteollisuuden jatkuvasti vähentyvä kotimainen tuotanto vapauttaa sahauksen 
sivutuotteita uusiin käyttökohteisiin. Sahojen bioenergian tuotantoa osana sivutuotteiden hyödyntämistä on 
kuitenkin toistaiseksi tutkittu niukasti liiketaloudellisesta näkökulmasta. 
 
Tämän tutkimuksen tarkoituksena oli tutkia resurssilähtöisten teorioiden (resource-based view, natural-
resource-based view) avulla yksityisten suomalaisten teollisten sahojen bioenergian tuotantoon ja myyntiin 
liittyvien erilaisten prosessien ja resurssien suhteellista merkitystä (ml. yhteistoiminta, liikekumppanuudet, 
asiakassuhteet ja investoinnit), niihin vaikuttavien tärkeimpien tekijöiden merkitystä, sekä bioenergiaan 
liittyvän liiketoiminnan tulevaisuuden näkymiä kyseisillä sahoilla. Tutkimusaineistona käytettiin sekä 
kirjallisuutta että sahojen johtajille (tai yrityksen bioenergiatuotannosta vastaaville henkilöille) suunnatuista 
haastatteluista saatua materiaalia. Tutkimusmenetelminä aineiston analysoinnissa hyödynnettiin 
kirjallisuustarkastelua sekä Delfoi-menetelmää, joka sisälsi kaksi haastattelukierrosta. 
 
Tutkimustulosten mukaan yksityisten sahojen tärkeimmät bioenergian tuotannon arvoketjun prosessit liittyvät 
raaka-aineen saatavuuteen ja hankintaan, sekä asiakassuhteiden ylläpitoon. Vastaavasti tärkeimpinä 
resursseina pidettiin raaka-aineen ja palveluiden ohella yrityksen tuotantolaitteita, osaavaa henkilöstöä, 
yhteistyösuhteita ja maantieteellistä sijaintia. Selkeästi arvokkaimmaksi yhteistoiminnan muodoksi arvostettiin 
osapuolten väliset pitkäkestoiset yhteistyösopimukset, ja erityisesti raaka-aineen hankintaan liittyen. Tulosten 
perusteella bioenergia-liiketoimintaan eniten vaikuttavien tekijöiden osalta taas erilaiset kysyntään ja tukiaisiin 
sekä hintoihin kohdistuvat tekijät olivat merkityksellisimpiä. Tulevaisuuden suunnitelmiin liittyen enemmistö 
vastaajista edellytti tiettyjen em. tekijöihin liittyvien toimintaedellytysten parantumista ennen bioenergian 
tuotantoon liittyvien investointiensa jatkamista. Yleisesti ottaen vastauksissa oli kautta linjan havaittavissa 
monissa kohdin suurta hajontaa mikä osaltaan kertonee siitä, että sahojen edellytykset bioenergian tuotannon 
lisäämiseen ja odotukset sen kysynnän kasvun suhteen ovat hyvin erilaiset. Eli toisin sanoen: bioenergia-
liiketoiminnan asema ja merkitys itsenäisillä suomalaisilla teollisilla sahoilla ei ole vielä vakiintunut kovin 
korkealle. 
 
Massiivisemman bioenergiatuotannon käynnistyminen suomalaisessa sahateollisuudessa ei siis ole itsestään 
selvää. Pääosin havaitut esteet tai hidasteet vaikuttavat liittyvän bioenergian kysyntään ja rahaan. Vastauksista 
huokui tyytymättömyys valtion ja viranomaisten harjoittamaa politiikkaa kohtaan, joka asettaa sahojen 
tuottaman bioenergian eriarvoiseen asemaan muiden bioenergian tuottajien rinnalla. Tämä ajatus tiivistyi erään 
sahajohtajan kommenttiin: ” Bioenergiaa on kyllä tarjolla yllin kyllin, kunhan sille tehdään käyttöä.” 
Uusiutuvia energianlähteitä suosivan tukipolitiikan positiiviset vaikutukset eivät siis tunnu ulottuvan 
itsenäisille sahoille asti. Koska potentiaalia kasvavaan bioenergian tuotantoon sahoilla kuitenkin on runsaasti, 
niin syvällisemmälle aihepiirin jatkotutkimukselle on selkeästi tarvetta. 
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1 INTRODUCTION 
 
 
1.1 Background of the study 
 
1.1.1 Global role of wood-based bioenergy 
 
Life on earth has always been based on exploitation of natural resources in 
energy production. The modern way of life has increased the scale of this 
exploitation significantly. However, many of these resources are limited. At 
the moment, about 80 per cent of global energy is produced by fossil fuels 
(IEA 2010). Global energy economy needs new solutions, because it relies 
too much on these non-renewable energy sources. (VTT 2009) 
 
Sustainable use of natural resources is a crucial way to assure the 
sufficiency of energy also in the future (Schubert et al. 2009). In Finland, 
Europe and all over the world there are many different efforts, policies, 
agreements and directives like, for example, RES Directive (EUR-Lex 2009) 
and Kyoto protocol (UNFCCC 1998) that aim to promote the use of 
renewable natural resources and bioenergy as a means to secure the supply 
of energy (e.g. Broadhead & Casa 2008; Ericsson 2006; Hakkila 2006; Jull et 
al. 2007; Luxmore 2008; MMM 2008; Richardson et al. 2002; Toivonen et al. 
2000). 
 
Forests are one of the world´s most important natural resources and wood is 
a sustainable alternative for non-renewable resources in energy production. 
Wood-based bioenergy has an essential role when replacing the diminishing 
stocks of fossil fuels like coal and oil, and this is the reason why energy 
companies all over the world are nowadays investing heavily in wood energy 
(UNECE 2010). With the light of the sun and healthy silvicultural measures 
trees grow steadily, and the sustainable use of forests provides almost an 
unlimited amount of renewable energy. (Röser et al. 2008) 
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Forests are also a major player in the mitigation of the global warming. It is 
caused by the increment of greenhouse gases in the atmosphere. While 
using fossil fuels in energy production carbon dioxide (CO2) is released to the 
atmosphere. Continuously increasing production and use of energy are 
globally the biggest sources of greenhouse gases (VTT 2009). Burning wood 
releases carbon dioxide to the atmosphere as well, but wood is also 
reckoned pretty much as carbon-neutral, because forests consume and tie 
down huge amounts of carbon dioxide. However, it is good to bear in mind 
that increasing the use of wood-based bioenergy doesn´t always bring down 
carbon dioxide emissions as much as expected. This is the case, for 
example, when forest biomass is harvested and collected very intensively 
from a harvesting site (Liski et al. 2011). Anyway, growing forests, especially 
young growing stands, are important carbon sinks, which means that they tie 
down more carbon dioxide than they are releasing to the atmosphere (FERN 
2011). 
 
According to Kyoto protocol, the participating countries, including Finland, 
should bring down their carbon dioxide emissions to the same level that 
prevailed in 1990 during the years 2008-2012. If and when wood is used to 
replace fossil fuels in energy production, it reduces the harmful greenhouse 
gas emissions and thereby mitigates the global warming and also the climate 
change. (Hakkila 2006) 
 
6 
 
1.1.2 Wood-based bioenergy in Finland 
 
 
Note: Forestry land (26.3 mill. ha) = Forest land + scrub land + waste land + other 
forestry land 
Source: Ylitalo 2010 (Finnish Forest Research Institute) 
Figure 1. Land use in Finland 
 
As shown in figure 1, Finland is truly a land of forests. Compared to the total 
land area, Finland is one of the world´s heavily forested countries, which 
means that about 86 per cent, or 26,3 million hectares, of Finland´s land area 
is covered by forestry land. 
 
At the moment the growing stock in Finland is about 2206 million m3 and 
annual increment of growing stock has been constantly bigger than annual 
removals since 1970´s (Ylitalo 2010).  This means that Finnish wood 
resources are getting bigger year by year. So as long as the other 
preconditions and factors like intensive R&D, effective wood energy 
technology programs and versatile support packages remain in force along 
with friendly operating environment and high level of know-how, it can be 
said that there is a lot of capacity and potential for wood-based bioenergy in 
Finland (Hakkila 2006; Helynen et al. 2002; Lamberg & Peltoniemi 2010; 
Maidell et al. 2008). 
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Source: Stat Finland 2010 (Official Statistics of Finland) 
Figure 2. Total energy consumption in Finland 2009 
 
Finland is one of the top users of bioenergy in Europe. According to the 
official statistics, about 25 per cent of the total energy consumption was 
covered by renewable energy sources in 2009 (Stat Finland 2010). And from 
figure 2, we can perceive that about 80 per cent of those renewable energy 
sources, or about 20 per cent of the total energy consumption in Finland, was 
covered by wood fuels. Therefore, wood fuels are the second biggest source 
of energy in Finland after oil products. The predominant source of wood fuels 
is the common forest biomass from prevalent forest, although the special 
energy forests, based on short rotation forestry, are also gaining popularity 
(Röser et al. 2008). 
 
According to their physical form and source, wood fuels are divided in liquid, 
solid and other wood fuels. At the moment the most important wood fuel in 
Finland, and the main form of liquid wood fuels, is black liquor, which is a by-
product of pulp industry. Another very promising liquid wood fuel is called 
pyrolysis oil. It is produced by rapidly heating up wood in a very high 
temperature until it steams up to gases, and when these gases cool down 
they turn into pyrolysis oil (Häyrynen 2006). Solid wood fuels include logging 
residues from conventional forest operations like forest chips, forest 
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industry´s by-products like bark and sawdust, and other solid wood-based 
fuels like wood pellets and briquettes. All of these are used in heat and 
energy production in combined heat and power plants (aka CHP plants) or in 
small-scale combustion of wood. Especially the use of forest chips has been 
increasing significantly in last few years and their future use for energy has 
been widely stressed out in public (Kärhä et al. 2010; Laitila et al. 2010; 
Latvala et al. 2007; Lauhanen & Laurila 2007; Solmio & Alanen 2010). Small-
scale combustion of wood mainly includes small-sized residential housing, 
but also commercial and office buildings. Other wood fuels can be either 
liquid or solid by-products, or waste products of forest industry. These include 
for example methanol, tall oil, biosludge, and used wood from demolition, 
construction or packaging. (Ylitalo 2010) 
 
 
Source: Forest Industries 2011 
Figure 3. Mill fuels of the forest industry in Finland 2008 
 
Forest industry has always been an important part of Finnish society and 
economy (Kuisma 2008). For the moment, forest industry is also the biggest 
user of renewable energy in Finland. Figure 3 shows that over three-fourths 
of forest industry´s mill fuels are wood-based. These fuels are usually 
different by-products of forest industry´s own production such as black liquor 
or bark, and their main use is combined production of heat and power (CHP). 
Because the availability of wood-based fuels is closely connected to forest 
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industry´s by-products, it therefore is also highly dependent on the 
development of forest industry´s production output. In many cases the 
increases and decreases in the use of renewable energy can be explained 
through the changes in wood processing industry´s production (Antikainen et 
al. 2007). On average, the different raw materials and their by-products are 
nowadays utilized very effectively in various stages of production 
(Nurmesniemi et al. 2006; Okkonen 2009). Despite this fact, not even forest 
industry is self-sufficient by the means of their own energy production and 
forest companies have to buy fuel and electricity from other sources, too. 
However, many single factory units, for example in sawmilling, produce more 
energy than they consume and can thereby also sell out significant amounts 
of district heat and electricity. (Ericsson 2006) 
 
Table 1. Consumption of renewable energy in Finland 2005 and the target for 
2020 
Renewable energy sources 2005 
TWh 
2020 
TWh 
Change 
2005/2020 
TWh 
Dependent on forest industry production 57 56 - 0,7 
Black liquor and other concentrated liquors 37 38 1,1 
Solid wood by-products 20 19 -1,8 
Under government promotion / subsidies 37 77 40,0 
Forest chips 6 25 18,9 
Small-scale combustion of wood 13 12 -0,5 
Wood pellets 0 2 1,6 
Wind power 0 6 5,8 
Biofuels in traffic 0 7 6,5 
Heat pumps 2 8 6,1 
Hydro power (normalized)1  13,6 14 0,6 
Recovered fuels (renewable share) 2 2 0,7 
Biogas 0 1 0,7 
Other (solar energy etc.) 0,4 0,4 0,0 
Total (renewable energy, primary energy) 94 134 39,2 
Total (renewable energy, final consumption) 87 124 37,5 
Total (final consumption of energy, overall) 303 327 23,6 
Share of renewable energy sources, % 28,5 38 9,5 
1 Hydro power is normalized by EU average in order to take into account the annual 
variance in electricity production caused by natural conditions. 
Source: Ylitalo 2010 
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The European Union´s RES Directive has set a 20 per cent target for the 
overall share of energy from renewable sources by year 2020 in the EU area. 
The Directive also gives EU´s member countries national overall target 
shares in their gross final consumption of energy. In Finland this share of 
renewable energy sources should be 38 per cent in 2020. In transport the 
share of renewable energy ought to be 10 per cent in all member countries. 
(EUR-Lex 2009; UNECE 2011) 
 
In April 2010 Finnish government´s ministerial working group on climate and 
energy policy reached an agreement on a so-called obligation package for 
renewable energy, which is aimed to fulfil the targets of the RES Directive. 
The package covers target figures (Table 1) and objectives for the different 
sources of renewable energy and their financial guidance measures. These 
measures are set to promote especially the use of wood fuels, wind power, 
biofuels in traffic, and heat pumps. (TEM 2010b; Ylitalo 2010) Relatively the 
biggest expectations have been set on the energy use of forest chips, which 
should cover almost one half of the planned increase (Laitila et al. 2010). In 
order to achieve this, and to promote the energy use of forest chips and other 
wood fuels, Finnish government has proposed a three-part support package, 
which includes a new subsidy system for energy wood (MMM 2010), a 
variable financial support for wood-based electricity production, and a feed-in 
tariff system for new small-scale CHP plants (FINLEX 2010; TEM 2010c; 
TEM 2011). In addition to other substantial effects on investments and 
employment related to bioenergy, the increasing use of renewable energy 
would improve the self-sufficiency of Finnish energy production about 10 per 
cent up to the level of 40 per cent (TEM 2010; Halonen et al. 2003). 
 
Another thing, which has a strong influence on the competitiveness of wood-
based fuels and also on the use of such fuels in energy plants, is the 
emission trade. Increasing the proportion of wood-based fuels is very difficult 
at the current pricing level of emission rights (ca. 15 euro / ton of CO2). A 
strong increase in the use of wood-based fuels would require an emission 
rights price level of over 25 euro / ton of CO2. (Kärhä et al. 2010) Climatic 
effects of the emission trade are also significant. Achieving all planned 
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figures and objectives would mean a reduction of 7 million tons in annual 
carbon dioxide emissions in Finland by 2020, and the following reduction in 
the use of coal for energy would decrease emissions with further 2 million 
tons (TEM 2010). So all in all, it can be said that while European and Finnish 
energy and climate policies are being fulfilled, the role of wood-based 
bioenergy is going be emphasized more and more in domestic energy 
production. 
 
1.1.3 Finnish sawmilling industry and bioenergy 
 
 
Source: Finnish Sawmills Association 2011 
Figure 4. Independent industrial sawmills and their annual production 
capacity 
12 
 
Sawmilling industry is the oldest industry in the Finnish forest-based sector 
and one of Finland's first export industries (Kuisma 2008). Finland is among 
the biggest producers of sawn goods in Europe, and nowadays over 60 per 
cent of all production is exported (Hänninen & Sevola 2010). Figure 4 
presents a map of independent industrial sawmills and their annual 
production capacity. 
 
Sawmills are basically divided in two main categories: small-scale sawmills 
and industrial sawmills. Small-scale sawmills are sawmilling companies, 
which process annually less than 10 000 m3 of roundwood, while industrial 
sawmills process over 10 000 m3 of roundwood. However, the member 
sawmills of Finnish Sawmills Association and Finnish Forest Industries 
Federation are not included in the category of small-scale sawmills, even if 
they use under 10 000 m3 of roundwood annually. (METLA 2000) 
 
The number of industrial sawmills has been declining in recent years, mainly 
because of the deep recession, and is nowadays about 170 mills (Korhonen 
2006; Metsäteollisuus 2011; Törmä et al. 2010). Many of the biggest mills are 
integrated in pulp and paper industry, and they are owned by multinational 
forest industry companies like UPM or Stora Enso. However, there are also 
many privately owned, independent industrial sawmills that process 
significant amounts of roundwood annually. Industrial sawmills are usually 
highly automated units, and their production is becoming more and more 
customer oriented including many special products. In many cases, industrial 
sawmills have also some upgrading units attached to the mill complex, which 
produce different converted products. For example, planing mills, or 
component, gluelam and panel factories are quite common. (Piesala 2009) 
 
Small-scale sawmills don´t usually have a heavy machinery or organization, 
and so they can operate quite flexibly producing a wide variety of basic sawn 
goods for local needs (Hourunranta & Backman 2005). Anyway, their 
production capacity is quite small and their growth is hindered by the cost 
and availability of raw material and skilled employees (Backman 2008). It is 
common that the growth objectives for small-scale sawmills are very 
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moderate and only a few of them are real growth enterprises (Rieppo 2010). 
There are no up-to-date statistics about small-scale sawmills, but despite the 
fact that their number has also fallen significantly, it should still be higher than 
2000 mills (METLA 2000). 
 
 
Source: Ylitalo 2010 (Finnish Forest Industries Federation; Finnish Forest Research 
Institute) 
Figure 5. Roundwood consumption by the branch of forest industry in 2009 
 
Sawmilling industry is using annually about one third of all roundwood used 
by the Finnish forest industries. Figure 5 shows roundwood consumption by 
the branch of forest industry. In 2009, the amount for sawmilling industry was 
18,4 million cubic metres. Sawnwood as well as primary and secondary 
converted products are used mainly in construction. Wood is the only building 
material based on a renewable raw material, which makes it a sustainable 
and environmentally healthy alternative. (Forest Industries 2011b) 
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Sawmilling produces also a lot of by-products. While roundwood is being 
processed, about 50 per cent of wood raw material ends up to different kinds 
of sawn goods for sawnwood markets, and the rest of the wood will turn into 
by-products during the process (Piesala 2009). The most important by-
products include bark, chips and sawdust. Bark is usually burned for energy, 
while sawmill chips and sawdust are sold out to sawnwood markets to pulp 
and paper industry or to panel industry, and used as pulp and high-quality 
paper ingredients or as raw material for particle boards, fibreboards and 
other converted products. All main by-products are also used in wood pellet 
production, which may be incorporated in sawmilling business (Varis 2010). 
Wood pellets are one form of converted by-products and an important solid 
wood fuel used in heat and power production (Selkimäki et al. 2010). 
 
 
 
 
 
Source: Hetemäki et al. 2011 
Figure 6. Wood and energy flows in Finnish sawmilling industry 
 
Figure 6 illustrates different wood and energy flows in Finnish sawmilling 
industry. In sawmilling, the energy component is about 15 – 25 per cent out 
of the total wood flow (Hakkila 2006). Bark has traditionally been the main 
source of energy production, but sometimes also chips and sawdust are used 
and sold for this purpose. Produced by-products are converted to heat and 
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electricity, both for own use and also for selling in the energy markets (Varis 
2010). Sawmills are usually self-sufficient in their own energy production, and 
the selling of energy and by-products can bring more than 10 per cent of all 
sales incomes to a basic sawmill (Piesala 2009; Lähtinen 2010). However, 
this figure is likely to rise, because sawmills don´t have to buy much outside 
energy, and they have a great potential to increase their own bioenergy 
production and to become even more significant suppliers of bioenergy in the 
future (Hetemäki & Hänninen 2009; Tahvanainen et al. 2008). 
 
 
1.2 Motivation of the study 
 
At the moment, Finnish forest industry is going through one of the most 
radical changes in the history of whole industry branch. The structural 
changes are also affecting sawmilling industry, and they are comparable to 
the events of 1860´s when wood fibres replaced rags in paper making and 
people began building steam sawmills. After a decade of clear uptrend 
starting from the mid 1990´s, the production capacity of sawmilling industry 
has declined a lot in recent years since deep recession has cut exports and 
construction has slowed down. Low profitability and overcapacity along with 
many other changes in the surrounding society have forced the adjustment 
measures and finding new business models, products and ways to survive in 
the markets. (Hetemäki et al. 2011; Korhonen 2006) 
 
It looks clear that the use of wood for bioenergy is going to increase heavily 
at least for the next ten years. This is caused primarily by the foreseeable 
clear rise in the prices of energy and emission rights. The soaring market 
prices of fossil fuels, and effective energy and climate policies, are likely to 
strengthen both supply and demand of bioenergy. In addition, there are many 
other political instruments like subsidies and feed-tariffs that are aimed to 
support the use of wood-based bioenergy more intensively. (Suhonen et al. 
2008) 
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At the same time the current trends in information technology are decreasing 
the production of pulp and paper industry. This will free solid wood raw 
material for other uses, and creates more space and a need for the increased 
production of wood-based bioenergy. (Hetemäki & Hänninen 2009) 
Expansive use of bioenergy also increases the domestic content of the 
energy production and decreases the need for imported fuels and energy. 
Therefore it has many healthy influences in domestic and local economies, 
and it strengthens internal know-how in different bioenergy production 
processes. (Piesala 2009) 
 
For the present, wood-based bioenergy is most competitive when produced 
as a by-product of the wood processing industry. Different forms of wood 
residues and by-products provide an excellent immediate opportunity for 
added value and energy generation given their availability, relatively low-
value and the proximity of production to existing forestry operations. 
(Broadhead & Casa 2008; Sathre & Gustavsson 2009) By-products present a 
significant part of forest industry´s material flows, and in sawmilling industry 
these material flows are especially extensive, because about 50 per cent of 
wood raw material used in sawnwood production ends up to different kinds of 
by-products. In pulp and paper industry these solid wood by-products are 
mainly used in energy production for own purposes and as raw material for 
pulp and paper, but in energy self-sufficient sawmilling industry a remarkable 
part of produced by-products and energy is also available to the markets. 
Thereby, the role of sawmilling industry is two-sided, because it 
simultaneously creates the demand for wood raw material and also delivers 
the supply of bioenergy to the markets. (Hetemäki et al. 2011) 
 
Bioenergy is already an important source of incomes for sawmilling industry, 
but its share will most probably become much greater in the near future. On 
the one hand, bioenergy promoting political and economical instruments will 
raise the competition for by-products and their prices as well when other 
industries are fighting for these raw materials. This means more incomes for 
sawmilling industry. On the other hand, the same instruments can also 
encourage sawmilling industry to invest more in their own bioenergy 
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production and building, for example, new CHP plants. This would mean that 
sawmills use a bigger share of by-products by themselves and a smaller 
quantity of by-products would be sold out to the markets. In this case 
sawmilling industry would get more incomes while selling greater amounts of 
district heat and electricity to their potential customers in the energy markets. 
(Hetemäki et al. 2011) 
 
In recent years, the different possibilities of bioenergy production and 
business have often been highlighted when discussing the operational 
preconditions of Finnish sawmilling industry and their improvement. However, 
emerging bioenergy business as a part of sawmilling industry´s by-product 
utilization has been researched very little, although these processes will 
mean a lot of new business thinking and planning for many sawmilling 
companies. 
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2 PURPOSE AND IMPLEMENTATION OF THE STUDY 
 
 
2.1 Purpose of the study 
 
The main purpose of this study is to explore the emerging bioenergy 
business at Finnish independent industrial sawmills, and to draw some 
conclusions about their future perspectives concerning bioenergy production 
and investments. In order to do so, this thesis also describes and discusses 
recent developments and prospects of bioenergy business in domestic 
sawmilling industry and around the world. 
 
The purpose is to answer the following questions: 
 
 What are the main bioenergy-related processes and resources at 
Finnish independent industrial sawmills including partnerships, 
cooperation, customer relationships and investments? 
 What are the main factors affecting emerging bioenergy business at 
Finnish independent industrial sawmills? 
 What are the future perspectives of bioenergy business at Finnish 
independent industrial sawmills? 
 
The aim is to find some reasons for different managerial decisions and 
occurrences, make a thorough analysis and conclusions based on them, and 
then present some kind of a prediction for the future development up to year 
2020. 
 
 
2.2 Implementation of the study 
 
The implementation of this study follows basically "The Funnel Model of the 
Planning Process" by Juslin and Lindström (1998), which is illustrated in 
Figure 7. Analysis of the study´s background and problem area was 
conducted in the first chapter, and the purpose of the study is defined above 
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in this chapter. The purpose of the study and the research questions, which 
were also introduced above in this chapter, will guide forming of the 
theoretical framework, gathering of information and results, and finally, 
making of conclusions based on the gathered and analyzed information. 
 
 
 
 
Source: Adapted from Juslin & Lindström 1998 
Figure 7. Implementation of the study 
 
In the beginning of the next chapter some of the key concepts and theories 
will be described to give a sufficient theoretical background for the study. 
Also some definitions will be clarified so that a reader has a clear idea what is 
the meaning of certain terms used in the framework. After that the theoretical 
framework of the study will be formed based on the literature review and 
according to the purpose of the study. Then the framework will be 
operationalized, or in other words, the information to be collected from the 
empirical world will be identified. After that the data of the study will be 
gathered, presented and analyzed by using selected methods, and finally, 
the results of the study will be summarized and discussed, and conclusions 
will be made. 
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3 CONCEPT DESCRIPTION, LITERATURE REVIEW AND 
THEORETICAL FRAMEWORK OF THE STUDY 
 
 
3.1 Concept description and literature review 
 
In this study “bioenergy” means wood-based bioenergy, i.e. bark, chips, 
sawdust and other sawmilling by-products, which are used or sold for 
producing heat and electricity or converted by-products like pellets and 
briquettes, which are thereafter used for producing heat and electricity. 
Bioenergy includes also the heat and electricity, which are produced by 
burning the aforementioned by-products and converted by-products. 
 
3.1.1 Resource-Based View (RBV) 
 
The concept of the resource-based view was invented by Birger Wernerfelt in 
1984 (Wernerfelt 1984), but the roots of the theory are set way back in 
1950´s when Edith Penrose introduced her views of an enterprise as a pool 
of resources in the theory of the growth of the firm (reprinted in Penrose 
2009). The resource-based view (RBV) assumes that each organization is a 
collection of unique resources and capabilities which provides the basis for 
its strategy and that is the primary source of its returns (Hitt et al. 2005). 
 
According to Hitt, Ireland and Hoskisson (2005): 
 
Strategy is an integrated and coordinated set of commitments and actions 
designed to exploit core competencies and gain a competitive advantage. 
Resources are inputs into a firm´s production process, such as capital 
equipment, the skills of individual employees, patents, finances, and talented 
managers. 
A capability is the capacity for a set of resources to perform a task or an 
activity in an integrative manner. 
Core competencies are resources and capabilities that serve as a source of 
competitive advantage for a firm over its rivals. 
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Sustained competitive advantage occurs when a firm implements a value-
creating strategy and other companies are unable to duplicate it or find it too 
costly to imitate. 
Strategic competitiveness is achieved when a firm successfully formulates 
and implements a value-creating strategy. 
Above-average returns are returns in excess of what an investor expects to 
earn from other investments with a similar amount of risk. 
 
The resource-based view suggests that core competencies are the basis for 
a firm´s competitive advantage, its strategic competitiveness, and its ability to 
earn above-average returns, but not all of a firm´s resources and capabilities 
have the potential to become core competencies. This potential is realized 
when resources and capabilities are valuable, rare, costly to imitate, and non-
substitutable (Barney 1991). Such resources must be also either tacit 
(causally ambiguous) or socially complex (Hart 1995). Resources are 
valuable (V) when they allow a firm to take advantage of opportunities or 
neutralize threats in its external environment. They are rare (R) when 
possessed by few, if any, current and potential competitors. Resources are 
costly to imitate (I) when other firms either cannot obtain them or are at a 
cost disadvantage in obtaining them compared with the firm that already 
possesses them. And, they are non-substitutable (N) when they have no 
structural equivalents. When these four criterions (VRIN) are met, resources 
and capabilities become core competencies. Core competencies may result 
in strategic competitiveness when they are developed, nurtured and applied 
throughout the firm. Firms must continuously develop their competencies to 
keep them up to date, because many resources can either be imitated or 
substituted over time. (Hitt et al. 2005) 
 
3.1.2 Natural-Resource-Based View (NRBV) 
 
The natural-resource-based view (NRBV) was developed in 1995 by Stuart L. 
Hart. It is a theory that is building on the resource-based view (RBV), but is 
suggesting that the RBV contains one serious omission as it ignores the 
constraints imposed by the natural environment. According to the NRBV, the 
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growing magnitude of ecological problems has rendered existing theory 
inadequate as a basis for indentifying important emerging sources of 
competitive advantage. The NRBV is developed with the connection between 
the environmental challenge and firm resources operationalized through 
three interconnected strategic capabilities: pollution prevention, product 
stewardship, and sustainable development. (Hart 1995) 
 
Table 2. Natural-resource-based view: Conceptual framework 
Strategic 
capability 
Environmental driving 
force 
Key resource Competitive 
advantage 
Pollution 
prevention 
Minimize emissions, 
effluents and waste 
Continuous 
improvement 
Lower costs 
Product 
stewardship 
Minimize life-cycle cost of 
products 
Stakeholder 
integration 
Pre-empting 
competitors 
Sustainable 
development 
Minimize environmental 
burden of firm growth and 
development 
Shared vision Future position 
Source: Hart 1995 
 
Table 2 presents three strategic capabilities of the natural-resource-based 
view (NRBV), their environmental driving forces, key resources and 
competitive advantages. The complex and interrelated nature of 
environmental problems will challenge the business world to move beyond 
mere compliance with environmental regulations to develop innovative 
responses to environmental challenges. Corporate attention will have to 
focus on responses such as reducing waste and emissions using continuous-
improvement methods (pollution prevention); taking an environmentally 
proactive stance in firm´s product-development processes and towards 
different stakeholder groups aimed at reducing and recycling solid waste 
along with conserving energy and other natural resources (product 
stewardship); reducing business impact on ecosystems while fostering a 
strong sense of social-environmental purpose and a shared vision in firm´s 
business processes (sustainable development). All three environmental 
strategies are also interconnected as they are somewhat path dependent, 
embedded and overlapping. (Hart 1995) 
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It seems obvious that the components of the NRBV facilitate firm´s sustained 
competitive advantage. And because the three environmental strategies are 
rooted in essential firm resources and capabilities, it can also be argued that 
either an external and legitimacy-based orientation in no way jeopardizes this 
competitive advantage, but may reinforce and differentiate the firm´s position 
through the positive effects of a good reputation (Hart 1995). These 
propositions are supported by the study of Menguc and Ozanne (2005). They 
argue that firms should respond to the changing environmental imperatives 
through the development and deployment of valuable and non-substitutable 
resources. Firms that develop their resources both to address the constraints 
imposed by the natural environment, and to capture the opportunities offered 
by it, are likely to yield higher performance. (Menguc & Ozanne 2005) 
 
3.1.3 Strategic management processes 
 
According to Hitt et al. (2005) a strategic management process is the full set 
of commitments, decisions, and actions required for a firm to achieve 
strategic competitiveness and earn above-average returns. Relevant 
strategic inputs and outputs derived from analyses of firm´s internal and 
external environments are necessary for effective strategy formulation and 
implementation. In turn, effective strategic actions and processes are a 
prerequisite to achieving the desired outcomes of strategic competitiveness 
and above-average returns. 
 
Thus, the strategic management processes are used to match the conditions 
and the structure of a dynamic natural – business environment with a firm´s 
continuously evolving resources, capabilities and core competencies. 
Effective strategic actions and processes that take place in the context of 
carefully integrated strategy formulation and implementation result in desired 
strategic outcomes. In other words, the strategic management processes 
explain what firms should do to achieve strategic competitiveness and earn 
above-average returns. (Hitt et al. 2005) 
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3.1.4 Interdependencies between resources, strategy and natural – 
business environment in sawmilling industry 
 
As mentioned earlier, bioenergy production and business, as a part of 
sawmilling industry´s by-product utilization, has been researched very little. 
Moreover, the earlier studies have only concentrated on investigating the 
effects of chosen strategies, not on finding reasons and resources behind 
those strategies and selections. However, there are some earlier studies 
concerning interdependencies between resources, strategy and natural – 
business environment in sawmilling industry. 
 
One of the best examples linked to this study is Katja Lähtinen´s (2009) 
dissertation. In her dissertation, Lähtinen is assessing the resource usage 
decisions and their connection to financial performance in Finnish large- and 
medium-sized sawmills in the 2000´s. She is measuring 11 tangible or 
intangible resources and uses the resource-based view as a theoretical 
framework. Data of the study is comprised of literature, firm-level financial 
accounting information and interview data, which are analyzed through a 
literature review, a regression analysis and the multi-criteria decision analysis 
(MCDA) method. 
 
According to the results of Lähtinen´s study, resources associated with 
access to raw material, reputation and services, collaboration, and 
technological know-how have affected the financial performance of sawmills 
most during the previous decade. She argues also that nowadays, in the 
global economy, e.g. geographical location doesn´t necessarily give a 
positive impact on firm´s financial performance. Another issue brought up by 
Lähtinen is that assessing the commercial meaning of human capital is very 
difficult just by looking at financial accounting information. She concludes that 
it is anyway very hard to believe that valuing a resource such as capable 
personnel, or making investments in firm-specific know-how, could have a 
negative impact on firm´s competitiveness, at least not in the long run. It is 
also worth noting that competitiveness of a sawmilling firm can seldom be 
based merely on resources associated with access to raw material. Firm-
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specific tangible and intangible resources are all important in their own way 
and should be prioritized according to firm´s strategic product and market 
choices. (Lähtinen 2009) 
 
Another interesting study is a dissertation by Satu Pätäri (2009). She is 
examining the sources of sustainable competitive advantage and the value-
creation opportunities that are emerging at the intersection between the pulp 
and paper industry (PPI) and energy industries. Her thesis also discusses the 
main determinants affecting the value-creation process. In order to 
accomplish these objectives, the phenomenon of value creation at the 
intersection between the PPI and energy industries is theorized and 
connected with the dynamic resource-based view of the firm. 
 
In sum, the main findings of Pätäri´s study offer the following insights. First of 
all, a firm´s long-term success requires congruence between its knowledge 
and capabilities, and its environmental opportunities. Secondly, the creation 
of value-adding strategies in order to gain and sustain competitive advantage 
requires the utilization of dynamic capabilities in terms of developing and 
managing the resource base. However, it should be noted that valuable and 
critical resources may span traditional firm and industry boundaries, and one 
should not focus solely on those that are currently owned or controlled by 
one firm. Value creation through collaboration has also become increasingly 
important as a means of filling the resource gaps. And finally, while the 
competitive landscape extends beyond traditional industry boundaries, the 
possible competitors should be analyzed based on their resource 
endowments. (Pätäri 2009) 
 
3.1.5 Other related studies 
 
Other related sources include the aforementioned study by Menguc and 
Ozanne (2005), which introduces a higher order construct of natural 
environmental orientation (NEO). They propose that this higher order 
construct is composed of three dimensions: entrepreneurship, corporate 
social responsibility (CSR), and commitment to the natural environment. NEO 
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is drawing on, and extending, the theory of natural-resource-based view 
(NRBV). The authors argue also that these three dimensions, or capabilities, 
fulfil the criteria of VRIN and so their successful implementation should lead 
to a competitive advantage. 
 
The study hypothesizes and tests the relationship between NEO and firm´s 
performance, and hence it is also testing Hart´s (1995) theory of a 
competitive advantage based upon the firm´s relationship to the natural 
environment. The results of the study support the NRBV´s assumptions 
about valuable natural-oriented resources that can have a positive impact on 
firm´s performance outcomes. (Menguc & Ozanne 2005) 
 
An interesting and quite recent article by Dror Etzion (2007) reviews the 
academic literature between years 1992 – 2007 on how organizations, 
especially businesses, perceive, react and interact with issues related to the 
natural environment. The review is performed at three levels: firm, industry 
and organizational environment. Etzion points out that at the level of an 
individual firm there are both strategic and contingent attributes that influence 
a firm´s environmental performance. He argues that the four strategic 
attributes that have been consistently linked to improved environmental 
performance are innovation, the cognitive inclinations of employees, 
integration of multi-stakeholder perceptions and concerns, and organizational 
information flow. Alongside these strategic attributes also several other 
organizational but contingent attributes, such as size, slack, R&D activities, 
and international scope, seem to be correlated to environmental 
performance. 
 
Etzion notices that the majority of research on environmental performance at 
the level of an individual firm uses the RBV as a launch pad for theorizing. In 
keeping with the RBV, it is the cumulative and ongoing process that enables 
a firm to generate a competitive advantage connected to its environmental 
performance. However, Etzion´s research also recognizes that some forces 
act at industry and organizational environment levels, imposing constraints 
as well as opportunities for actions by individual firms. It seems that being a 
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member of a certain industry creates greater constraints on firms than other 
issues with regard to environmental matters. Because differentiation and self-
regulation are quite difficult to accomplish, and consumers and regulators are 
arguably firm´s most important stakeholders, there is a clear need to 
understand all the mechanisms through which these actors have direct and 
indirect influence on a firm´s performance at the industry level and in the 
organizational environment. (Etzion 2007) 
 
Other related sources include also studies by Leskinen et al. (2010) and 
Korhonen (2006). Leskinen et al. investigates interdependencies between 
business environment, and bioenergy firms´ resources and processes. 
Results of the study suggest that the four cornerstones of lucrative forest 
energy business are: I) Evolution of intangible resources, II) Combining of 
different resources, III) Assessment of operational environment and strategic 
choices, IV) Effective environmental and business policies. (Leskinen et al. 
2010) 
 
The purpose of Silja Korhonen´s dissertation (2006) was to extend 
comprehension of how large wood-industry firms pursuing sustained and 
profitable growth manage organizational renewal. Her study illustrates that in 
pursuit of sustained and profitable growth a company is able to maintain 
competitive advantage in the long run by combining entrepreneurial and 
strategic thinking, i.e. opportunity- and advantage-seeking behaviour. 
(Korhonen 2006) 
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3.2 Theoretical framework of the study and it´s operationalization 
 
3.2.1 Theoretical framework of the study 
 
The theoretical framework of the study (Figure 8) is formed for the guidance 
of this study and according to the purpose of the study. It is based on the 
literature review and adapted from Lähtinen´s (2009) model 
“Interdependencies between resources, strategy and business environment 
in sawmill industry”. 
 
 
 
 
 
Source: Adapted from Lähtinen 2009 
Figure 8. Interdependencies between a sawmilling firm and the natural – 
business environment 
 
The framework contains two different entities, namely a sawmilling firm and 
the surrounding natural – business environment, which interact with each 
other. In order to survive and succeed in competition a sawmilling firm is 
using its internal resources, capabilities and core competencies to gain 
enough competitive advantage and to build effective strategies, which are 
then utilized in different interactive and proactive management processes 
between the sawmilling firm and the natural – business environment. These 
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processes can be divided in business, financial and knowledge processes. 
Because of the interaction, the interface between a sawmilling firm and the 
surrounding environment is not a solid barrier, but like a dashed line, which 
allows a firm to receive and analyze various kinds of external information, 
and also to react on different opportunities and threats posed by the 
surrounding natural – business environment. Aforementioned elements of the 
framework were already outlined and defined in the beginning of this chapter, 
and they will be operationalized in the next subchapter. 
 
3.2.2 Operationalization of the framework 
 
According to the implementation of the study and based on the theoretical 
framework of the study, the information to be collected and the elements that 
will be examined from the empirical world are identified and explained in this 
subchapter. A sawmilling firm is using its resources as a basis for its 
strategies and those strategies lay the foundation for the different 
management processes. This hierarchy has been illustrated with a pyramid, 
which is placed inside the dashed SAWMILLING FIRM rectangle and on the 
top of the framework. The elements inside the lower part of the pyramid form 
the basis for the elements inside the upper part, and furthermore, for the 
execution of different management processes between a sawmilling firm and 
its natural – business environment. These processes are placed inside a two-
headed arrow to highlight their interactive nature. The primary purpose of this 
study is to find out what are the main processes and the related strategic 
resources including partnerships, cooperation, customer relationships and 
investments at Finnish independent industrial sawmills in the case of 
emerging bioenergy business. 
 
The basic unit of the study area is a sawmilling firm, which is interacting with 
the surrounding natural – business environment. Therefore, the rectangle of 
a sawmilling firm is placed on the background of the framework with a 
dashed line highlighting the interaction and the interdependency between 
these two parties. Free markets and western democracy have made the 
interface between a firm and its environment active and quite open. The 
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natural – business environment is a dynamic and complex socio-ecological 
economic system, which includes all the factors and actions in the 
surrounding society that are somehow connected to a single or many 
sawmilling firms, and may also have an effect on whole Finnish sawmilling 
industry. A manager in a sawmilling firm is receiving a lot of information from 
the surrounding environment, has to analyze it, and react on the possible 
opportunities and threats. This activity is presented with two arrows on the 
sides of the framework. Another objective of this study is to point out the 
main factors, both positive and negative, which have an influence on 
emerging bioenergy business at Finnish sawmills. 
 
Resources and processes, as well as positive and negative factors 
originating from the surrounding natural – business environment, will be 
studied mainly at the level of a single sawmilling firm and in particular with 
reference to the group of Finnish independent industrial sawmills. These 
same elements lay also the foundation for the headlines in the results 
chapter (Chapter 5), which will be structured according to the 
operationalization presented above. The future perspectives of bioenergy 
business are being highlighted throughout the study, but they will be 
discussed separately also in the last subchapter of the results chapter. 
31 
 
4 DATA AND METHODS 
 
 
4.1 Data of the study 
 
This study is using both primary and secondary data. Primary data is used 
mainly in the results chapter and secondary data in the introduction and other 
chapters. The focus in data gathering was on the Finnish independent 
industrial sawmills, aka non-integrated medium-sized sawmills, with core 
business processes in sawnwood manufacturing. One of the most important 
criterion was also that sawmills in focus could at least theoretically be linked 
to producing bioenergy for the markets. The ownership base and the 
production structure of this kind of sawmills is quite homogeneous, which 
made the resource-based approaches (RBV and NRBV) fit especially well as 
the theoretical framework of the study (Lähtinen 2010). 
 
Primary data was gathered with a two-round Delphi survey, which was 
directed to sawmill managers, or equivalent persons in charge of decisions 
regarding bioenergy production at the sawmill. The purpose of the survey 
interviews was to explore the opportunities and challenges of emerging 
bioenergy business related processes at sawmills from a managerial point of 
view, and in terms of required strategic resources including partnerships, co-
operations, customer relationships and investments. Simultaneously, the 
survey tried to untangle the present and future roles of bioenergy policies and 
several other positive or negative factors, which are affecting Finnish 
independent industrial sawmills. 
 
Secondary data was gathered from different kinds of literature, including 
mainly various research reports and series, but also some research papers 
and dissertations, books, magazine articles and internet sources. All 
secondary data used in the study was as up-to-date as possible, because of 
the topical nature of the study. Only some background information and 
theories, including the general terms, concepts and definitions, were based 
on older data sources, or author´s previous knowledge of the subject area. 
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4.2 Methods of the study 
 
4.2.1 Literature review 
 
A literature review and the Delphi method were used as research methods of 
this study. According to Chris Hart (1998) a literature review is the selection 
of available documents on the topic, which contain information, ideas, data 
and evidence written from a particular standpoint to fulfil certain aims or 
express certain views on the nature of the topic and how it is to be 
investigated, and the effective evaluation of these documents in relation to 
the research being proposed. In other words, the focus of a literature review 
is to summarize and synthesize the arguments and ideas of others, and to 
provide a solid foundation and support for a research paper´s investigation. 
The depth and breadth of the literature review often emphasizes the 
credibility of the study and comprehensive knowledge of the literature is 
considered essential to most research papers. (Hart 1998) 
 
In this study the literature review was used especially in the early stages of 
the research process when trying to find relevant and topical secondary data. 
It was very important to familiarize oneself thoroughly with all available 
source material, both theoretical and empirical, because a firm theoretical 
background can be crucial to the reliability and validity of the empirical study 
results. 
 
4.2.2 Delphi method 
 
The Delphi method was originally developed in the early 1950´s as a study 
means at the RAND Corporation in Santa Monica, California. The objective of 
the original study was to obtain the most reliable consensus of opinion of a 
group of experts by administering a series of intensive questionnaires 
interspersed with controlled opinion feedback. Ever since the different 
modifications of Delphi have spread rapidly around the world, and nowadays 
the Delphi method is probably the best known future research method with its 
own name. (Landeta 2006; Linstone & Turoff 1975) 
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When using the Delphi method experts´ opinions, attitudes and knowledge 
can be studied by means of questionnaires, interviews or group interviews 
(Qu et al. 2010). The key characteristics of a traditional Delphi study are 
iteration, participant and response anonymity, controlled feedback, and group 
statistical response (Landeta 2006). Iteration means that the process is 
repetitive and the individual participants are consulted at least twice on the 
same question, and thereby given the opportunity to change their opinions. 
And as this happens anonymously, there is no fear of losing face and 
immoderate social pressure is avoided. Furthermore, controlled feedback 
should be given to all participants by the study coordinator after each 
questionnaire round. The fourth characteristics, group statistical response, 
means that the Delphi responses are processed quantitatively and 
statistically, and all opinions and answers form a part of the final results. 
These four key features are often prerequisites for defining a procedure as 
Delphi. (Landeta 2006; Pätäri 2009) 
 
Many later applications of the Delphi method have discarded the search for 
consensus while emphasizing the range of quality ideas the process 
generates. These applications focus on finding reasons for dissension and 
creating different arguments or scenarios. One of the first and most 
significant of these dissensus-based variants is called Policy Delphi, which 
was introduced in 1969 by Turoff (Linstone & Turoff 1975). Policy Delphi 
aims to come up with all the possible options and the supporting or rejecting 
evidence within the issues at hand. It is also important to present all findings 
to the people who make decisions about those issues. Thus, the dissensus-
based Delphi derivatives are not solely known as quantitative mechanisms 
for generating decisions, but can also be defined as qualitative and analytical 
research tools of an explorative nature (Kuusi 1999; Linstone & Turoff 1975; 
Steinert 2009). Since 1960s´ many researchers have adapted the dissensus-
based Delphi design, including Pätäri and Steinert with their dissensus-based 
online Delphi approaches, Kuusi with his Argument Delphi, and Tapio with 
the Disaggregative Policy Delphi (Kuusi 1999; Pätäri 2009; Rikkonen & Tapio 
2009; Steinert 2009; Tapio 2002). 
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As mentioned above, there is a wide variety of different Delphi applications. 
Actually, there are only few areas of human endeavour, which are not 
candidates for an application of Delphi, and there are many different views 
and ways how to employ the Delphi technique. Usually the Delphi method is 
applied on the basis of the survey structure as well as based on a relatively 
unstructured form with open-ended questions at least in the first round 
questionnaire. One of the main points is that the survey is addressed to a 
focus group when formulating questions and circulating answers through 
several rounds. As the Delphi method is used for gaining information from 
special focus groups formed by experts, it can be applied to study issues with 
a high level of uncertainty such as current issues and future predictions on 
the use of energy. (Linstone & Turoff 1975; Pätäri 2009; Qu et al. 2010) 
 
Although the Delphi method has sometimes been criticized for not being 
objective or scientific enough (Sackman 1974), it has been utilized as a 
valuable foresight tool in numerous fields of study, including also the study on 
pulp and paper industry´s energy business by Pätäri (2009), and the 
possibilities for its use are almost countless. Therefore, the Delphi method is 
also applied in this study. Theories behind the framework of the study, 
namely the RBV and the NRBV, have also been slightly criticized for the lack 
of practical applicability (Lähtinen 2009). However, in most cases the 
problems in empirical research are not caused by any theoretical 
weaknesses of the used approaches but the use of wrong kind of research 
data and method. The empirical application of resource-based theories 
requires, for example, certain kind of data, explicit questionnaires, and 
methods of analysis that enable the comparison between theory and practice 
(Lähtinen 2010). All of these prerequisites are feasible with an application of 
the Delphi method. 
 
Nevertheless, there are still some basic pitfalls that must be avoided when 
using Delphi. First of all, the future aspect should not be discounted. It is very 
common, and also human, to think about only things that are present and 
happening right now, and let the others deal with the future. Secondly, there 
is no urge to present any exact predictions. The ability to expose uncertainty 
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and divergent views is an inherent strength of the Delphi process. Third, 
there is no urge to simplification either. Almost everything interacts with 
everything, and the tools of the classical hard sciences are usually 
inadequate. However, one must always bear in mind that intuitive procedures 
such as Delphi usually lean heavily on subjective probability assessments. 
Fourth pitfall, illusory expertise, means that the specialist is not always the 
best forecaster. Specialists can be too focused on some subsystem and may 
not see the larger picture. There are many examples of the failure of group 
expertise in the history of the world. For example, the economic development 
has been constantly misjudged. Complete objectivity of experts is also an 
illusion. Sloppy execution is the fifth and maybe the most inexcusable pitfall 
for a Delphi study. Lack of imagination in questionnaire design, superficial 
analysis of data, and poor selection of participants are among the errors that 
should not occur in a well-performed study. Optimism-pessimism bias is a 
very individual characteristic and a difficult pitfall to handle. Insight into this 
type of bias can minimize its intrusion into the Delphi process through 
selective adjustments. Seventh pitfall is overselling. The Delphi method is a 
versatile research tool, but it should not be repeated too often on the same 
subject, or at least not with the same respondents. A person who wants to 
introduce a Delphi study must also ascertain that the method is suitable for 
the potential user community. Otherwise the method becomes ineffective and 
inbred. Finally, maybe the least acknowledged pitfall in connection with 
Delphi is its potential use for deceptive, manipulative purposes. The Delphi 
process is not immune to manipulation or propaganda use and, for example, 
anonymity may even facilitate the deceptive activity. It can be very difficult for 
participants to detect distortion in the feedback they receive. (Linstone & 
Turoff 1975) 
 
All the above-mentioned pitfalls exist to some degree no matter what 
communication processes or other means are applied to deal with these 
problems. However, an honestly executed Delphi makes the communication 
process and the study structure explicit. While the Delphi designer may not 
be able to eliminate all problems at hand, it is in designer´s own responsibility 
to recognize the degree of impact which each problem has on the 
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application, and to minimize any harm that might invalidate the whole 
exercise. Therefore, the strength of Delphi is the ability to make explicit the 
limitations on the particular design and its application. The Delphi designer 
who understands the philosophy of the study and the boundaries of its 
validity is engaged in the practise of a good communication process. 
(Linstone & Turoff 1975) 
 
4.2.3 Study population 
 
Originally a population of 33 independent industrial sawmill managers, or 
equivalent persons in charge of decisions regarding sawmill´s bioenergy 
production, was identified as the focus group in this study. The pre-selection 
criteria included that all the sample sawmills had their core business in sawn 
wood manufacturing, were at least theoretically linked to producing bioenergy 
for the markets, and were also non-integrated, which means that they are 
privately owned and not controlled by any international forest industry 
enterprise. The empirical application of the resource-based view requires 
firm-specific data, while the branch and production structure of the sample 
firms should be as homogenous as possible (Lähtinen 2010). The ownership 
base and the production structure of Finnish independent industrial sawmills, 
including this study´s sawmills, are quite homogeneous, which made the 
resource-based approaches (RBV and NRBV) very suitable as for the 
theoretical framework of the study. 
 
4.2.4 Survey design 
 
A two-round Delphi survey, based mainly on the Classical and Argument 
variations, was applied in the empirical part of this study. The key objective 
was to elicit the most important processes and the related strategic resources 
that have an influence on emerging bioenergy business at Finnish 
independent industrial sawmills. While the analysis focused especially on 
identifying the most focal bioenergy related processes, it also concentrated 
on finding the main positive or negative factors impacting the present and the 
future development of sawmills´ bioenergy business. The time scale of the 
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future perspective extended to 2020, and the areal focus was primarily on 
Finland, although global trends were also acknowledged up to some level. 
The survey included four phases: The initial contact round, the first round 
questionnaire, the second round questionnaire, and the conclusion and 
reporting round. The illustration of the applied Delphi method is presented in 
Figure 9. 
 
 
 
 
Figure 9. Illustration of the applied Delphi method 
 
The first phase of the survey, the initial contact round, was carried out to 
make sure that all the pre-elected participants (33 sawmills) would actually 
meet the pre-selection criteria and were willing to participate in the survey. 
They were contacted by phone, and after this initial round the number of the 
sample sawmills dropped to 25 firms. Two of the removals belonged to some 
other corporation which was already part of the survey sample. Other two 
were removed, because they were only involved in the upgrading of 
sawnwood, and more or less, didn´t produce any bioenergy. The last four 
drop-outs were not willing to participate in the survey for some reasons. So in 
total, 8 firms were removed from the survey sample by this stage. 
 
Initial contact round (33 sawmills) 
- criteria for selection 
- willingness to participate 
First round questionnaire (25 sawmills) 
- covering letter 
- 14+1 background questions concerning  bioenergy 
business at sawmills (present state and future plans) 
Second round questionnaire (23 sawmills) 
- Reporting of the first round questionnaire´s results 
- 5 rounding-up questions rating bioenergy processes, 
key resources and factors (Likert scale) 
- Emphasis on future perspectives 
Conclusion and reporting round 
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After the initial contact round, each of the 25 participants was sent the first 
round questionnaire with a covering letter (see Appendix 1). This was done 
via e-mail. The covering letter introduced the study´s aims, provided some 
additional information about the background of the study, and also 
highlighted the respondents´ protection of anonymity as the key features of 
the Delphi method require. The questionnaire itself consisted of 14 questions 
plus one open-ended optional question. Most of the questions were quite 
strictly outlined, asking some exact details, or were just simple yes or no type 
of questions. The questions were divided into several segments meaning that 
each individual participant answered to different amount of questions 
depending on the level of sawmill´s bioenergy related activity. The first 
division occurred between sawmills that produced bioenergy just for own 
purposes and sawmills that produced bioenergy also for selling. Then, the 
second division divided the latter group of sawmills to those that had some 
kind of collaboration deals with other parties and to those that didn´t. And 
finally, the third division separated those sawmills that were planning to make 
some future investments related to bioenergy business from those that were 
not. The optional question, which was placed last in the questionnaire and 
directed to all respondents, was meant to stimulate the participants´ thoughts 
of any other concerns, questions or suggestions that were on their minds and 
relevant to bioenergy business at their sawmills. All in all, the purpose of this 
phase was to obtain some background information related to sawmills´ 
bioenergy production, and to explore respondents´ resources and plans, both 
opportunities and challenges, for developing the bioenergy business at 
sawmills. After the participants had familiarized themselves with the semi-
structured questionnaire, the second phase of the survey was finalized in a 
phone interview. The initial contact round and the first round questionnaire 
were conducted in autumn 2010 and were realized in co-operation with 
Finnish Environment Institute (SYKE). They were responsible e.g. for the 
data collection in these first two phases. 
 
The third phase of the survey started out with a thorough analysis of the first 
round questionnaire´s responses. First, the responses were combined and 
categorized, then they were analyzed to draw conclusions based on them, 
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and finally, they were used to erect the second round questionnaire. Based 
on the first round´s analysis, the second round questionnaire included five 
rounding-up questions, which were aimed to investigate more profoundly the 
importance of different bioenergy production processes at sawmills by rating 
them, and the related strategic resources and factors. Especially the future 
aspect of bioenergy business and investments was emphasized in the 
questionnaire. A modified version of the five-point Likert scale was used in 
three of the questions (1 = very low significance, 2 = low significance, 3 = 
some significance, 4 = high significance, 5 = highest significance), and the 
two other questions were more or less based on them so that the question 
number 3 was based on the questions 1 and 2, and the question number 5 
was based on the question number 4. The second round questionnaire is 
presented in Appendix 2. The same 25 participants, who were chosen for the 
first round questionnaire, were contacted again in September-October 2011 
by phone and asked to take part in the second round questionnaire. As a 
consequence, the number of participants was reduced to 23 sawmills, 
because two of the earlier respondents didn´t qualify for the sample criteria 
any more. The remaining 23 respondents were given the possibility to 
answer the questionnaire either in a phone interview or through e-mail. 
 
Following the Delphi method appropriately, in connection with the second 
round questionnaire requests, a summary of the first round questionnaire´s 
results was sent to all participants via e-mail. And also in the final phase of 
the survey, i.e. the conclusion and reporting round, after finishing the 
thorough analysis of the second round questionnaire´s answers, the results 
and the conclusions of the study were again reported to the participants. The 
whole Delphi survey, including the initial contact round, and both 
questionnaire and feedback rounds, was conducted in Finnish, because it 
was the native language of all respondents, and a better mutual 
understanding was reached by using Finnish. 
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4.2.5 Data analysis 
 
The gathered research data was analyzed by using a mixture of quantitative 
and qualitative content analysis guided by deductive and inductive forms of 
code generation respectively. According to David and Sutton (2011) a greater 
understanding of the data can be acquired by using qualitative content 
analysis and coding up from the data rather than imposing codes upon the 
data (coding down). In other words, coding up means combining and 
categorizing chunks of text, in this case the gathered data, and while it 
enables reduction of data, it also increases the validity of the chosen codes. 
Qualitative content analysis suggests that a more holistic encounter with the 
data allows the best impressions to be formed, but it still recognizes the need 
for such impressions to be examined through formal coding and comparison. 
This resembles the formality of quantitative content analysis. Although there 
is an essential distinction that the deductive code generation guides most 
quantitative content analysis and the more inductive forms of coding guide 
qualitative content analysis, the separation between these two approaches is 
not as clear as it might appear and they can also be supplementary to each 
other. There are no strict or detailed rules for the execution of a content 
analysis process. A researcher is quite free to develop a form of data 
encountering and coding system that serves best the analysis of that study 
as if in the case of this Delphi study. The aim of analysis is to build a 
systematic, extensive and condensed exposition of the study area. (David & 
Sutton 2011; Eskola & Suoranta 1998) 
 
The data from the first round questionnaire was analyzed based on the type 
of the question. All answers were first combined and categorized based on 
their content similarity, and then the answers to most strictly outlined 
questions were analyzed by using deductive – quantitative content analysis 
and the answers to more open-ended questions by inductive – qualitative 
content analysis. Subsequently, the second round questionnaire was formed 
based on this analysis. The primary analysis of the data elicited through the 
second round questionnaire was carried out by using Microsoft Excel 
software. In questions 1, 2 and 4 the aim of this analysis was to compare the 
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average ratings of different processes and factors. The ratings were scored 
using the above-mentioned Likert scale (from 1 = very low significance to 5 = 
highest significance), and the mean value was taken as the average rating. In 
order to sort out the divergence of answers also the mode values and the 
frequency distributions were reported in the case of these three questions. In 
questions 3 and 5 it was neither necessary nor possible to use so diverse 
statistical methods, and only the percentage values of different answer 
options were presented to clarify the shares of various opinions and 
intentions among the respondents. After these statistical measures the 
secondary analysis of the grouped data was conducted by using both 
deductive – quantitative and inductive – qualitative content analysis. 
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5 RESULTS 
 
 
5.1 Background and resource-base of the study population 
 
The first round questionnaire was dealing with the opportunities and 
challenges of bioenergy business, and the questions were mainly aimed to 
sort out the respondents´ background history and resource-base, including 
also their future plans concerning bioenergy-related investments. It was sent 
to 25 sawmill managers, or equivalent persons in charge of decisions 
regarding sawmill´s bioenergy production, who were willing to participate in 
the survey according to the initial contact round. Finally, altogether 18 
managers answered the questionnaire, so the response rate was 72 per cent 
for the first round. 
 
As mentioned earlier, the questions were divided into several segments 
meaning that each individual participant answered to different amount of 
questions depending on the level of sawmill´s bioenergy related activity. 
According to the results of the questionnaire´s first question, causing also the 
first division of respondents, 11 sawmills out of 18 were producing bioenergy 
also for selling. The remaining 7 sawmills were producing it only for internal 
use, and thus the percentage for commercial bioenergy production was 61 
per cent. 
 
The next segment consisted of 9 questions which were directed only to those 
11 bioenergy-selling sawmills. The respondents were asked to give some 
facts about their firm´s bioenergy-related activity, while the purpose of most 
of the questions was to gain some background information related to 
sawmills´ bioenergy production. The results showed that most of these 11 
sawmills were selling heat, but some of them were also involved in combined 
heat and power (CHP) production, and processing briquettes in their own 
facilities. In terms of turnover, the share of bioenergy ranged from 0 to 10 per 
cent. The majority of sawmills had not started selling bioenergy until the 21st 
century, but the earliest of them had started the bioenergy business already 
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in the 1970´s. Linked to that, all sawmills had made big investments 
connected to bioenergy production, including plants, machinery, pipes and 
other infrastructure, but most of the investments have occurred during the 
last ten years. Bark was the most popular source of energy production, but 
sawdust, chips and shavings were also common raw materials. Other firms, 
industries and private buyers were the biggest group of customers, but 
municipalities, cities and other general governments were almost as big as a 
group, and definitively as important as customers. Most of the 11 bioenergy-
selling sawmills had also different kinds of cooperation or partnership deals 
with members from the above-mentioned customer groups, and a long-term 
deal was the preferred form of collaboration. On the other hand, some of 
them didn´t have any particular deals with other parties, so this caused the 
second division between the respondents. 
 
Table 3. Main resources related to bioenergy business 
Resource (production factor) References 
(number of occasions) 
Raw material 5 
Geographic location 4 
Factory and machinery 4 
Personnel 4 
Collaboration 4 
Reputation and services 4 
Finance and strategy 3 
Labour 2 
Management 2 
Organization culture 2 
Technological know-how 2 
Note: Number of respondents = 10 
 
Maybe the most important question of this aforementioned segment, directed 
to 11 bioenergy-selling sawmills, elaborated further the production factors 
related to bioenergy. The sawmill managers were asked to name, in addition 
to sufficient machinery and finances, their main resources related to 
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bioenergy business. In general, firm´s resources and capabilities can be 
classified into two categories: tangible and intangible. Lähtinen (2009) 
identified that a sawmill´s resource pool is comprised of 5 tangible 
(geographic location, raw material, labour, factory and machinery, finance 
and strategy) and 6 intangible (management, personnel, collaboration, 
organization culture, technological know-how, reputation and services) 
resources. The empirical results of the first round questionnaire related to the 
sawmills´ resource-base were fitted into these theoretical resource 
classifications introduced by Lähtinen (2009). As shown in table 3, the results 
of this reconciliation suggest that along with sufficient machinery and 
finances, the main bioenergy-related production factors emphasized by the 
respondents were the availability and efficient use of raw materials, 
personnel know-how, collaboration with local players, reputation and 
services, and firm´s geographical location with relation to the vicinity of 
potential customers. However, also the remaining 4 resources (labour, 
manager´s management skills, strong organizational culture, and 
technological know-how) were all mentioned more than once. 
 
Third, and the final, division occurred between sawmills with plans to make 
some future investments related to bioenergy business and sawmills with no 
such plans. This segment of 4 questions was again directed to all 18 
respondents, and according to the results about one half of the respondents 
had some investment plans and the other half didn´t. The reasons for not 
having any plans were connected to the lack of demand, resources or 
financial support, or there just wasn´t any particular need to make 
investments for some other reason. Alternatively, the reasons behind the 
bioenergy-related investment plans varied from elevating the utilization rate 
and the upgrading degree of by-products to improving the profitability or 
safeguarding the energy supply of the firm. In most cases, the planned 
investments were aimed at expanding sawmill´s bioenergy production 
capacity and starting up novel bioenergy production systems such as CHP 
plants. Usually, the public financial support and feed-in tariff systems have 
had a positive impact on respondents´ bioenergy-related investment activity, 
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but some respondents felt also that they have had a negative impact or no 
impact at all. 
 
The optional question, which was placed last in the questionnaire and also 
directed to all respondents, was aimed at stimulating the participants´ 
thoughts of any other concerns, questions or suggestions that were on their 
minds and relevant to bioenergy business at their sawmills. The purpose of 
this question was to make some preliminary mapping of the main factors 
affecting emerging bioenergy business at Finnish independent industrial 
sawmills. 
 
Table 4. Main concerns and suggestions related to bioenergy business at 
sawmills 
Concern or suggestion References 
“Sawmill-based by-products should have the same financial support 
and tariffs as the other wood-based fuels like e.g. forest chips.” 
6 
“Authorities and decision-makers should favour local energy and 
energy sources that already exist, when choosing energy suppliers.” 
4 
“Technology and machinery should improve so that bioenergy 
production would become profitable also with smaller units.” 
4 
“Government should support more intensely sawmills´ bioenergy-
related investments.” 
3 
Note: Number of respondents = 12 
 
According to the results visible in table 4, many respondents felt that 
sawmills´ by-products were not treated fairly in the markets compared to 
other wood fuels or biofuels like, for example, forest chips or wind power. 
They argued that sawmill-based bioenergy should have the same financial 
subsidies and tariffs as the other wood-based fuels, or otherwise it is not 
profitable to produce bioenergy for sale. The government should also support 
more intensely sawmills´ bioenergy-related investments, because they are a 
big spending and financially heavy burdens for private sawmills. In addition to 
the financial aspects, some respondents hoped that technology and 
machinery would improve so that bioenergy production would become 
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profitable also with smaller units. One major argument among the 
respondents was that the authorities and decision-makers should favour local 
energy and energy sources that already exist, when they choose their energy 
suppliers. The respondents claimed that there is plenty of bioenergy available 
at sawmills as long as the energy supplier and distribution systems would be 
rationalized, and sawmills would be provided with better operational 
preconditions mentioned above. 
 
 
5.2 Main processes related to bioenergy business at Finnish 
independent industrial sawmills 
 
Following the principles of the Delphi method, the formation of the second 
round questionnaire was based on a thorough analysis of the first round 
questionnaire´s results and guided by the purpose of the study. The contents 
of the questionnaire was aimed at investigating more profoundly the 
importance of different bioenergy business processes at sawmills, and 
scrutinizing the related strategic resources and the factors affecting emerging 
bioenergy business at Finnish independent industrial sawmills. According 
with the purposes of the research questions, especially the future perspective 
of bioenergy business was emphasized in the second round questionnaire. 
Also following the iterative characteristic of a Delphi study, the original idea 
was to sent the questionnaire again to the same 25 sawmill managers, or 
equivalent persons in charge of decisions regarding sawmill´s bioenergy 
production, who were willing to participate in the survey according to the 
initial contact round. However, the sample size had to be reduced to 23 
participants, because two of the earlier respondents didn´t qualify for the 
sample criteria any more. Anyway, all remaining 23 participants answered 
the questionnaire, so the response rate was fully 100 per cent for the second 
round. 
 
First question of the second round questionnaire was set to untangle the 
relative significance of different value chain processes in sawmills´ bioenergy 
production. The purpose was to identify the most important activities related 
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to sawmilling firms´ bioenergy business. The basic structure behind the 
question was based on a modified version of Michael E. Porter´s (1985) 
value chain. The modified version aka the value chain of bioenergy was 
introduced in a research paper by Minli Wan et al. (Wan et al. 2011), and it 
constitutes a series of 6 activities from raw material procurement, inbound 
logistics and bioenergy production to outbound logistics, marketing and 
sales, and end-user services. In the questionnaire this value chain was 
divided in 8 stages, or processes, and the concept of bioenergy was defined 
the same way as in the whole study (see chapter 3.1). 
 
In pursuance of analyzing the results, the value chain processes presented in 
table 5 were embodied in the corresponding 6 activities mentioned above. 
 
Table 5. Relative significance of different value chain processes in sawmills´ 
bioenergy business 
Value chain process Mean / Mode 
A. Machinery availability and procurement b) 3,17 / 4 
B. Marketing of bioenergy products e) 3,22 / 4 
C. Raw material management and storage b) 3,39 / 4 
D. Manufacturing of bioenergy products (including upgrading) c) 3,43 / 4 
E. Machinery management and maintenance c) 3,48 / 3, 4 
F. Distribution of bioenergy products (including storage) d) 3,65 / 4 
G. Customer relationships management f) 4,26 / 5 
H. Raw material availability and procurement a) 4,43 / 5 
Scale of significance: from 1 = very low significance to 5 = highest significance 
Note 1: Embodiment of processes -> a) raw material procurement, b) inbound 
logistics, c) bioenergy production, d) outbound logistics, e) marketing and sales, f) 
end-user services 
Note 2: Number of respondents = 23 
 
According to the results, the managers valued highest the processes 
connected to raw material procurement and end-user services. The average 
significance ratings for these processes were 4,43 and 4,26 respectively. 
Processes included in outbound logistics were scored third highest (3,65), 
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but also all the other remaining processes were considered to have more 
than just some significance (average rating > 3, mode value = 4). 
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Figure 10. Frequency distribution of relative significance related to different 
value chain processes 
 
All in all, aside from the two highest scoring processes, the six other value 
chain processes (raw material management and storage, machinery 
availability and procurement, machinery management and maintenance, 
manufacturing of bioenergy products, distribution of bioenergy products, 
marketing of bioenergy products) representing the four remaining activities 
(inbound logistics, bioenergy production, outbound logistics, marketing and 
sales) had quite similar scores. However, despite the fact that these 
processes had quite similar average ratings, the answers connected to their 
relative significance showed a wide divergence of opinions among the 
respondents (see figure 10). 
 
In the second question sawmill managers were asked to assess the relative 
significance of different forms of collaboration in sawmills´ bioenergy 
business. The purpose of this question was to further define the meaning and 
the importance of this strategic resource in connection with bioenergy-related 
activity. 
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Table 6. Relative significance of different forms of collaboration in sawmills´ 
bioenergy business 
Form of collaboration Mean / 
Mode 
A. Random or short-term cooperation (under 1 year) 1,87 / 1 
B. Informal cooperation (e.g. participating in joint events and projects) 1,91 / 1 
C. Business partnerships (e.g. joint investments and ventures) 2,78 / 4 
D. Long-term cooperation (over 1 year) 4,52 / 5 
Scale of significance: from 1 = very low significance to 5 = highest significance 
Note: Number of respondents = 23 
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Figure 11. Frequency distribution of relative significance related to different 
forms of collaboration 
 
According to the respondents´ answers and the results shown in table 6 and 
figure 11, the long-term contracts between a sawmilling firm and its business 
associates are by far the most significant form of collaboration. This kind of 
deals were valued with an average rating of 4,52 at the scale from 1 to 5. 
Business partnerships were scored second highest (2,78) but with a clear 
statistical difference between these two. Informal, and random or short-term 
forms of collaboration received the lowest scores with 1,91 and 1,87 
respectively. 
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Table 7. Most beneficial processes and forms for collaboration 
Value chain process / Form of collaboration Share (%) 
Raw material availability and procurement / Long-term cooperation 37 
Manufacturing of bioenergy products / Long-term cooperation 14 
Raw material management and storage / Long-term cooperation 9 
Distribution of bioenergy products / Long-term cooperation 9 
Customer relationships management / Long-term cooperation 9 
Note: Number of respondents = 20, number of responses = 35 
 
Third question of the second round questionnaire was based on the two 
previous questions and aimed at examining more thoroughly the connection 
between processes and different forms of collaboration, and their mutual 
importance. The respondents were asked to name the value chain processes 
in which collaboration, and also what forms of collaboration, would be 
especially beneficial. According to the results visible in table 7, the most 
favourable value chain activity and the accompanying form of collaboration 
would be a long-term cooperation connected to raw material procurement. 
This combination was named in 37 per cent of all responses. The second 
most popular combination was a long-term cooperation deal connected to 
production of bioenergy products. It received 14 per cent of the responses. 
Other popular alternatives included long-term cooperation deals in processes 
connected to inbound logistics, outbound logistics and end-user services. 
Each of these combinations was mentioned in 9 per cent of the responses. It 
is worth noting that a long-term cooperation deal was the desired form of 
collaboration in 89 per cent of all given combinations. The remaining 11 per 
cent of the responses would prefer a business partnership as the primary 
form of collaboration. Informal, random or short-term forms of collaboration 
were not preferred by the respondents in none of the given combinations. 
51 
 
5.3 Main factors affecting bioenergy business at Finnish independent 
industrial sawmills 
 
One purpose of this study was to find out the main factors affecting emerging 
bioenergy business at Finnish independent industrial sawmills. Fourth 
question of the second round questionnaire was dealing with these matters, 
digging deeper into the factors that were already partly investigated in the 
first round questionnaire, and also highlighting their future aspect. The 
respondents were asked to assess the relative significance of 18 pre-
selected factors in relation to their sawmill´s bioenergy production and 
investments up to year 2020. The choice of the pre-selected factors was 
based on the first round questionnaire´s results, literary review and author´s 
previous knowledge of the study area, and decided according to their known 
magnitude and weight. 
 
According to the results visible in table 8 and figure 12, sufficient and stable 
demand of bioenergy is the single most important factor affecting emerging 
bioenergy business at Finnish independent industrial sawmills. It´s average 
rating was 4,57 at the scale from 1 to 5. In addition, the results indicated that 
the factors connected to government´s energy policy and financial support, 
prices of raw material, prices and subsidies of fossil fuels and bioenergy, 
vicinity and amplitude of potential customers, quality of customer 
relationships, and available outbound logistics, also encompass high 
significance among the respondents. They valued these factors with an 
average rating of 4 or higher when considering their sawmills´ future 
bioenergy production and investments. However, most of the remaining 
factors scored quite high ratings, too. Altogether 16 factors out of 18 received 
an average significance rating between 3,5 and 4,6. Only the factors 
connected to media and public opinion, and input of private investors and 
sponsors, were valued clearly less significant with ratings of 2,35 and 2,70 
respectively. 
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Table 8. Relative significance of factors affecting sawmills´ future bioenergy 
business 
Factor Mean / 
Mode 
A. Media and public opinion 2,35 / 1 
B. Input of private investors and sponsors 2,70 / 2 
C. Firm´s geographical location 3,52 / 3, 4 
D. Available inbound logistics 3,52 / 3, 4 
E. Evolution of technology and machinery 3,65 / 4 
F. Availability of competent labour  3,70 / 3 
G. Reduction in pulp and paper industry´s production 3,74 / 4 
H. Personnel know-how 3,83 / 3, 4 
I. Bioenergy marketing 3,83 / 4 
J. Finding suitable partners for collaboration 3,91 / 4 
K. Available outbound logistics 4,00 / 4 
L. Vicinity and amplitude of potential customers 4,04 / 4 
M. Raw material prices 4,17 / 5 
N. Prices, subsidies and taxation of fossil fuels (including peat) 4,26 / 5 
O. Quality of customer relationships (reliability, continuity, satisfaction etc.) 4,26 / 5 
P. Government´s energy policy and financial support 4,30 / 5 
Q. Price guarantee on bioenergy (subsidies, taxation) 4,35 / 5 
R. Sufficient and stable demand of bioenergy 4,57 / 5 
Scale of significance: from 1 = very low significance to 5 = highest significance 
Note: Number of respondents = 23 
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Figure 12. Frequency distribution of relative significance related to different 
factors 
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When looking at the table 8 on previous page, one visible thing is the relative 
significance of certain factor categories. For example, the factors connected 
to money or prices and customer relations are almost systematically valued 
higher than other factors. Another thing that was again quite apparent, when 
looking at the figure 12 and the responses of individual respondents, was the 
wide divergence of opinions on almost every factor except for two of them: 
Sufficient and stable demand of bioenergy, and quality of customer 
relationships. In the case of these two factors all responses ranged between 
options from 3 to 5. 
 
 
5.4 Future activity related to bioenergy business at Finnish independent 
industrial sawmills 
 
The final question of the second round questionnaire was based on the 
factors presented in the fourth question. 
 
Table 9. Future activity related to sawmills´ bioenergy business 
Proposition Share (%) 
“If our firm reaches the desired physical and intellectual objectives 
(material, technical, financial, political etc.) in the future, we will 
continue our investments related to bioenergy (or start the bioenergy 
production, if not started yet).” 
57 
“If our firm doesn´t reach the desired physical and intellectual 
objectives (material, technical, financial, political etc.) in the future, we 
will continue our investments related to bioenergy anyway (or start the 
bioenergy production, if not started yet).” 
39 
“Our firm is not intending to continue our investments related to 
bioenergy (or start the bioenergy production, if not started yet).” 
4 
Note 1: The option “start the bioenergy production, if not started yet” is given in 
brackets, because all respondents were already producing bioenergy 
Note 2: Number of respondents = 23 
 
The purpose and idea of the question was to link the significance, occurrence 
and realization of those factors to respondents´ future plans and activity more 
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profoundly and concretely. This was accomplished by posing three different 
propositions concerning sawmill´s future bioenergy production and 
investments, and the respondents were asked to opt for the one, which 
reflected best their future plans and activity related to bioenergy business. 
 
As seen in table 9 on previous page, the majority of respondents would 
require their different objectives to be reached in order to continue their 
bioenergy investments. However, about two fifths of the sawmill managers 
are intending to continue their investments regardless of the realization of 
desired objectives. Only one respondent had determined not to continue 
investments related to bioenergy, no matter what will happen. 
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6 SUMMARY, DISCUSSION AND CONCLUSIONS 
 
 
6.1 Summary and discussion 
 
6.1.1 Study population and response rates 
 
Originally a population of 33 independent industrial sawmill managers, or 
equivalent persons in charge of decisions regarding sawmill´s bioenergy 
production, was identified as the focus group in this study. The pre-selection 
criteria included that all the sample sawmills had their core business in sawn 
wood manufacturing, were at least theoretically linked to producing bioenergy 
for the markets, and were also non-integrated, which means that they are 
privately owned and not controlled by any international forest industry 
enterprise. 
 
Table 10. Summary of the study population and the response rates 
Phase of the survey Number of 
respondents 
Response 
rate (%) 
Initial contact round 33 -> 25 - 
First round questionnaire 18 / 25 72 
Second round questionnaire 25 -> 23 / 23 100 
 
After the initial contact round, the total number of participants had to be 
dropped to 25, because 8 of them didn´t qualify for the pre-selection criteria. 
Next, the first round questionnaire was sent to those 25 managers who were 
willing to participate in the survey, but only 18 of them answered, and so the 
response rate was 72 per cent for the first round. After that, the same 25 
managers were contacted again in pursuance of the first round 
questionnaire´s feedback and asked to carry out the second round 
questionnaire. At this stage, the study population had to be reduced to 23 
respondents, because two participants were no longer eligible for the survey. 
However, all 23 remaining respondents answered so the response rate was 
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100 per cent for the second round. Summary of the study population and the 
response rates in different phases is visible in table 10. 
 
6.1.2 Main processes and strategic resources related to bioenergy 
business at Finnish independent industrial sawmills 
 
One of the primary aims of this study was to scrutinize the importance of 
different processes and strategic resources related to bioenergy business at 
Finnish independent industrial sawmills, but also to investigate the possible 
connections between them. According to the results, the value chain 
processes connected to raw material procurement and customer relations 
were valued highest among the respondents followed by the processes 
connected to outbound logistics and other activities. Actually, except for the 
two highest valued activities, all other processes were valued quite close to 
each other and also considered to have more than just some significance. 
This means that their average significance rating was over 3 and their mode 
value was 4 at the scale from 1 to 5. At the same time, the most important 
resources included raw material, geographic location, factory and machinery, 
personnel, collaboration, and reputation and services. Already this made it 
evident that there is some kind of a connection between certain resources 
and processes related to bioenergy business at Finnish private sawmills. 
 
Maybe the most obvious connection lies between resources and processes 
related to raw material. If there is no raw material then there is neither 
bioenergy nor any other kind of sawmilling business. Wood raw material is a 
critical resource for sawmills, and processes connected to raw material 
availability and procurement are crucial as well. The availability and price of 
wood affect substantially to production costs and financial success of a 
sawmilling firm. Despite this fact, it must be kept in mind that raw wood is a 
common product that can be easily bought from raw wood markets by 
anyone. Thus, it is a resource which is neither rare nor costly to imitate, 
doesn´t fulfil the criteria of VRIN, and cannot serve as a source of sustained 
competitive advantage for a sawmilling firm over its rivals just by itself (Hitt et 
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al. 2005). The same applies also to the processes connected to raw material 
procurement. 
 
Almost as obvious is also the connection between resources and processes 
related to reputation and services, and customer relationships management 
(or end-user services) respectively. If a sawmilling firm wants to sell 
bioenergy, but it doesn´t have well-functioning customer relationships or it 
manages its relationships badly, then the firm will not survive in the markets 
in the long run. Resources connected to these value chain processes offer 
lots of possibilities when thinking about sustainable competitive advantage, 
because they cannot be purchased from the markets, and it is extremely hard 
for competitors to imitate them. Thus, they can often become core 
competencies which form the basis for a sawmilling firm´s sustained 
competitive advantage. Results indicated that other firms, industries and 
private buyers were the biggest group of customers, but municipalities, cities 
and other general governments were almost as big as a group, and 
definitively as important as customers. Furthermore, inside these processes 
related to customer relations, there is plenty of so called tacit knowledge 
which may have been developing during a long period of time. When this 
knowledge evolves to some kind of firm-specific resource or capability, it can 
also become a core competence. (Lähtinen 2010) 
 
Aforesaid comment involves also resources related to collaboration. A 
confidential cooperation or partnership deal connected to any value chain 
process may meet the criteria of a core competence and serve as an 
excellent basis for firm´s competitive advantage. According to the results, 
most sawmills had various kinds of cooperation or partnership deals with 
different customer groups mentioned in the paragraph above, while a long-
term cooperation deal was clearly the preferred form of collaboration. 
Business partnerships were valued second highest but with a clear statistical 
difference in significance. Respondents felt also that collaboration would be 
most beneficial in processes connected to raw material procurement and 
bioenergy production. An interesting fact was that informal, random and 
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short-term forms of collaboration were valued very low and not preferred at 
all in connection to value chain activities. 
 
As mentioned earlier, the results also showed that all value chain processes 
connected to bioenergy business were valued quite high (average rating > 3, 
mode value = 4 or 5). However, in many cases a sawmilling firm might not 
have enough knowledge or resources to follow through all the strategic 
management processes, which are required for a firm to achieve strategic 
competitiveness and earn above-average returns (Hitt et al. 2005). Thereby, 
it might be wise for a sawmill to concentrate on the value chain processes it 
masters best and collaborate with suitable partners in processes which are 
not so familiar to it by nature. Different forms of collaboration are highlighted 
e.g. by Lähtinen (2010). Another example, the research paper by Wan et al. 
(2011), suggests that the first 3 activities in the value chain of bioenergy (raw 
material, inbound logistics, bioenergy production) are mastered and best 
undertaken by sawmills, and the last 3 activities (outbound logistics, 
marketing and sales, end-user services), which mainly deal with the potential 
customers, could be best provided by some specialized enterprises like 
bioenergy firms. These findings were not supported by the results of this 
study, because the respondents mainly preferred having collaboration in the 
processes that they should already master according to Wan et al. (2011). 
But then again the sawmills´ relative mastery of different value chain 
processes was not directly or quantitatively evaluated in this study, and the 
attained results were based merely on the opinions of the respondents. This 
difference in opinions may indicate that sawmill managers perceive 
bioenergy business still as a secondary business, which is certainly the case 
in this study because the share of bioenergy ranged from 0 to 10 per cent in 
terms of sawmills´ turnover, and they want to place inputs mainly on their 
strong points, because present circumstances may not be favourable enough 
for the expansion of their bioenergy business. This was also readable 
between the lines of the respondents´ answers. 
 
All above-mentioned results mainly confirm the results by Lähtinen (2009). In 
her dissertation Lähtinen found out that resources connected to raw material, 
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reputation and services, collaboration, and technological know-how had most 
positive influence on sawmilling firms´ competitiveness out of the total 11 
tangible and intangible resources. However, Lähtinen also found out that 
resources connected to geographical location and personnel had a negative 
impact on sawmills´ financial performance, which seems to be inconsistent 
with the results of this study. A simple answer to the first inconsistency is that 
in her study Lähtinen was assessing the connection between sawmills´ 
resource usage decisions and their overall performance, while in this study 
the focus was merely on resources connected to bioenergy business. When 
sawmills are producing bioenergy for sale, the vicinity of potential customers 
is valued very high and geographical location does matter, at least for the 
time being. For sawmilling products possible geographic distance is not as 
big of an issue. 
 
In case of personnel and technological know-how, the explanation is not that 
simple, but it is also pretty much logical. In this study sawmill managers 
valued highly resources linked to personnel, but technological know-how was 
not as important. In Lähtinen´s (2009) study these two resources were valued 
the other way round. She argues that technological know-how has affected 
positively especially on the sawmills´ revenues, and that the resources 
connected to technological know-how are harder to get and more difficult to 
imitate than e.g. wood raw material when thinking of competitive advantage. 
However, she recognizes that also these resources will inevitably spread 
around among the rivals in time, and thus forming a precarious basis for 
sustainable competitive advantage. On the other hand, the importance of 
personnel was stressed out by the sawmill managers in the interviews 
conducted by Lähtinen, too. She also admits that the time span in her study 
might have been too short for the recognition of positive effects related to 
personnel inputs, and that all in all, making a reliable prediction on resources 
connected to personnel, based merely on financial statements, is quite 
impossible (Lähtinen 2009). Either way, it is very hard to believe that valuing 
a resource such as capable personnel could have a negative impact on 
firm´s competitiveness in the long run. 
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One explanation to previous contradictory result might be also that the 
respondents have a tendency to perceive resources connected to 
technological know-how and personnel to be quite linked together. 
Furthermore, if they somehow perceive bioenergy production to include only 
simple utilization of by-products like bark and chips etc., which are produced 
kind of automatically on the side of the sawnwood production, and thereby as 
an activity which doesn´t need much technological know-how. This would 
explain the relatively high scores for personnel and the lower scores for 
technological know-how. This theory is also supported by the fact that the 
respondents of this study valued high resources and processes connected to 
factory and machinery, and bioenergy production respectively. Anyway, it can 
also be argued that at least theoretically, significance of total resources 
connected to technological know-how and personnel should be quite even in 
both studies. 
 
According to the results of this study, Finnish independent industrial sawmills 
have made big investments connected to bioenergy production, including 
plants, machinery, pipes and other infrastructure, and most of the 
investments have occurred during the last ten years. This indicates that 
bioenergy is after all a quite novel business, which doesn´t has a steady 
established position in sawmilling industry, or its importance has not yet been 
highlighted for a long period of time. This statement was also supported by 
the fact that responses connected to the relative significance of processes in 
the value chain of bioenergy showed a wide divergence of opinions among 
the respondents. The relative significance of different resources and 
processes connected to bioenergy business was perceived very differently 
depending on the emphases and innovativeness of an individual sawmill. 
 
Another thing is that investments are always bound to uncertain future 
development and the results show that there is a lot of insecurity and 
hesitation connected to them. For example, processes connected to 
machinery availability and procurement, and marketing of bioenergy products 
were valued lowest according to the results. In addition, few references 
connected to resources of technological know-how, organization culture, 
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management and labour indicate that the trust and the confidence on the 
triumph of the future bioenergy business is not peculiarly high, or the 
preconditions for successful bioenergy business at Finnish independent 
industrial sawmills are not sufficient. 
 
6.1.3 Main factors affecting emerging bioenergy business at Finnish 
independent industrial sawmills 
 
Another purpose of this study was to clarify the main factors affecting 
emerging bioenergy business at Finnish independent industrial sawmills. 
While conducting the survey especially sawmills´ future perceptions were 
emphasized as the time span of the factors was stretched from the present 
up to year 2020. According to the results, the 8 most important factors ranked 
by their relative significance were 1) sufficient and stable demand of 
bioenergy, 2) feed-in guarantee price for bioenergy, 3) government´s energy 
policy and financial support, 4) quality of customer relationships, 5) prices, 
subsidies and taxation of fossil fuels, 6) raw material prices, 7) vicinity and 
amplitude of potential customers, and 8) available outbound logistics. These 
8 factors were valued with an average significance rating of 4 or higher at the 
scale from 1 to 5 while the sufficient and stable demand scored the highest 
among the group with an average rating of 4,57. 
 
The contents of the results are quite well in line with the earlier findings. It is 
not surprising that 5 factors out of top 8 were connected to things that are 
more or less out of hands of an individual sawmill. Sufficient and stable 
demand of bioenergy, prices, subsidies, taxes and policies are matters that 
are mainly controlled by governments and markets. Quality of customer 
relationships and available outbound logistics are the only factors out of 
these 8 that are somehow in the reach of sawmills´ own management. An 
important piece of information that supports the earlier findings on sawmills´ 
resources connected to geographical location was visible also in this section. 
As a means to prove the theory right, the resource of geographic location 
was divided into two separate factors. The results show that the vicinity and 
amplitude of potential customers was valued high in significance while the 
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firm´s geographical location had a lower, but also a significant average rating. 
This demonstrates that it should be justified to argue that geographical 
location does matter in the case of bioenergy business, at least for the time 
being, and in the context of the vicinity and amplitude of potential customers. 
 
An interesting fact was once again the wide divergence of opinions on almost 
every factor except for the demand of bioenergy and the quality of customer 
relationships. This polarized view refers to the different levels of bioenergy-
related activity among the respondents. For some sawmills bioenergy is a 
more natural course of future sawmilling business than for others. However, 
the high importance of resources, processes and factors related to raw 
material, and appreciation and consensus of opinions concerning the 
demand of bioenergy and the quality of customer relationships among all 
respondent gives a clear message. These basic things connected to supply 
and demand are the key elements that lay the foundation for the core 
activities also in the case of bioenergy business at Finnish independent 
sawmills. 
 
Another interesting detail was respondents´ perception of their high 
dependence on the public financial support systems and subsidies like feed-
in tariffs or premiums. Despite the fact that respondents in most cases felt 
that support systems have had only positive effects on bioenergy-related 
investment activity and that subsidies should be even more substantial in the 
future, some respondents felt also that they have had a negative impact or no 
impact at all. These protestors claimed that subsidies and other support 
systems only skew the bioenergy markets, and especially for the moment 
when other producers and suppliers of bioenergy are being supported more 
intensively than private sawmills. A possible explanation to this point of view 
is that these sawmill managers feel that if there would be no support for 
anyone then everyone should try to succeed with their own natural strengths, 
and then sawmills would be in a better bioenergy market position, because 
bioenergy is produced kind of automatically on the side of the sawnwood 
production. However, it is most likely that government´s ambitious targets for 
the share of renewable energy would not be fulfilled in this case. 
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All in all, the results clearly indicate that the operational preconditions set by 
the public officials are not sufficient. Sawmill managers felt that their 
bioenergy products are not treated equally compared to other bioenergy 
producers. The majority of the respondents argued that sawmill-based 
bioenergy should have the same financial support and tariffs as the other 
wood-based fuels, or otherwise it is not profitable to produce bioenergy. The 
government should also support more sawmills´ bioenergy-related 
investments, because they are financially heavy burdens for private sawmills. 
Naturally, an individual sawmill can try to influence on these issue, e.g. to 
cooperate with other sawmills and try to press their interests as a bigger 
group or industry segment, but it is neither a simple nor an easy task. Private 
sawmills are usually quite small players even at the local scale, and it may be 
very hard for them to get their voice heard. Public financial aid and 
administrative support by authorities seems to be essential in the pursuit of 
the emergent bioenergy business at Finnish independent industrial sawmills. 
Anyway, the results show that the respondents don´t have much faith in 
inputs of private investors and sponsors, and they don´t believe in the power 
of media or public opinion. These two factors were valued lowest among the 
respondents. The authorities and decision-makers should thus favour local 
energy and energy sources that already exist, when they choose their energy 
suppliers. In other words, they should create demand for sawmills´ 
bioenergy. This would be economically healthy, and both beneficial and 
rational at the regional level, too. The respondents claimed that there is a lot 
of bioenergy available at sawmills as long as the energy supplier and 
distribution systems are being rationalized, and sawmills would be provided 
with better operational preconditions. The message can be compacted into a 
respondent´s comment: “There is a lot of bioenergy available, if they just 
want to make use of it.” 
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6.1.4 Future perspectives of bioenergy business at Finnish 
independent industrial sawmills 
 
Third purpose of this study was to lay out a view of future perspectives at 
Finnish independent industrial sawmills. The linkage between the contents of 
this and the previous subchapter is quite obvious as the factors affecting 
bioenergy business are closely connected to actual future decisions and 
actions at sawmills. In order to clear up this connection, several questions 
and different propositions were presented to respondents concerning their 
sawmills´ future bioenergy production and investments. 
 
According to the results, about one half of the respondents had some future 
investment plans connected to bioenergy business and the other half didn´t. 
The reasons for not having any plans were connected, for example, to the 
lack of demand or financial support, and these reasons seemed to be quite 
familiar when compared to the list of the most significant factors affecting 
sawmills´ future bioenergy business. Alternatively, the reasons behind the 
bioenergy-related investment plans varied from elevating the utilization rate 
and the upgrading degree of by-products to improving the profitability or 
safeguarding the energy supply of the firm. These results agree with the 
findings by Wan et al. (2011). In their study, they argue that Finnish 
sawmilling industry can improve profitability by increasing value added, and 
that increased value added can be mainly attained by efficiently utilizing by-
products in energy applications (Wan et al. 2011). 
 
After the above-mentioned results were further processed, the outcome of 
this refinement showed that about 57 per cent of the respondents would 
require certain objectives connected to the factors affecting bioenergy 
business to be realized before they continue with the execution of their 
bioenergy-related investments. About 39 per cent of the respondents were 
determined to continue executing their investments anyway, without reaching 
their objectives. In most cases, the planned investments were aimed at 
expanding sawmill´s bioenergy production capacity and starting up novel 
bioenergy production facilities such as CHP plants. 
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However, these results indicate that there are certainly some severe barriers 
blocking the massive expansion of bioenergy business at Finnish 
independent industrial sawmills. According to the earlier findings, these 
barriers are connected to demand and prices of bioenergy originated from 
sawmills. Nonetheless, it is also a certainty that there is not a single or a 
perfect solution. In order to solve these problems, it is advisable for public 
authorities to try finding some ways and compromises that serve more 
equally sawmills´ bioenergy products, but sawmill managers should also try 
harder to find new partners for intensive collaboration in areas that are out of 
their mastery. Suitable partners may have better knowledge of, for example, 
outbound logistics or bioenergy marketing.  These 3 factors (available 
outbound logistics, finding suitable partners for collaboration, and bioenergy 
marketing) were right behind the first 7 factors in terms of the relative 
significance related to sawmills´ future bioenergy business. One interesting 
and unclear possibility is connected to the reduction of pulp and paper 
industry´s production capacity. This might also open up new markets and 
collaboration opportunities for sawmills. 
 
6.1.5 Critique on the data and the methods of the study 
 
A scientific study should always be an open document which is as reliable as 
possible, and a researcher should constantly evaluate his or her own work 
carefully and self-critically. Therefore in this subchapter certain details 
connected to the data and the methods of the study are being further 
explained. 
 
Generally, an extensive amount of secondary data and a comprehensive 
literary review provided a solid and credible base for the study execution. 
However, there was one major shortcoming connected to study´s primary 
data collection as the writer of this thesis was not involved in designing and 
implementing the initial contact round and the first round questionnaire. This 
particular study started only after the first 2 phases of the research process 
had already been implemented. It was quite challenging to familiarize oneself 
with the first set of primary data, fit the results of the first round questionnaire 
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to match the purposes of this study, and to internalize “the right way of 
thinking”. It meant also that the thesis writer had no possibility to affect on the 
selection of the respondents and the execution of the first round 
questionnaire, and thereby he could not raise the response rate of the first 
round. Furthermore, the size of the study population could have been bigger 
in order to get more inclusive sample. All in all, the amount and the quality of 
primary data were not sufficient to make more profound research. For 
realization of this study the available data was quite adequate. 
 
A two-round Delphi survey was applied in the empirical part of this study. 
Excluding the above-mentioned difficulties connected to first two phases of 
the survey process, the Delphi method suited great for the purposes of this 
study. All four key characteristics of a Delphi study (iteration, participant and 
response anonymity, controlled feedback, and group statistical response) 
were fulfilled and the basic pitfalls were mainly avoided, although one could 
sense some sloppiness around the execution of the first round questionnaire. 
According to Linstone & Turoff (1975), the strength of Delphi is the ability to 
make explicit the limitations on the particular design and its application. In 
this case, the design was very simple and therefore its application was quite 
easy. The results of the study answered the research questions accurately so 
the validity of the applied method was good. Also the reliability of the 
answers was quite high because of the simplified structure and exact 
execution of the survey. Naturally, it must be taken into consideration that 
respondents´ opinions may change in time, and it would be preferable that 
the same person would perform both questionnaires. The two major 
limitations of this study were the absence of the thesis writer in the beginning 
of the survey process, and rather facile nature of the study, which again gives 
a lot of chances for further studies. 
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6.2 Conclusions 
 
In year 2006, a group of specialists assigned by the Finnish Forest Industries 
Federation published their research report on the future visions and trends of 
the wood product industry up to year 2020. The purpose of this report was to 
set detailed targets for different branches of the wood product industry 
including e.g. sawmilling industry, and to function as a working tool in 
strategic planning and change management for industry managers and their 
interest groups. Bioenergy was recognized as one of the future megatrends 
and its development, both as a new area of business and as an important 
part of sawmilling industry´s business portfolio, was emphasized throughout 
the report. (Metsäteollisuus 2006) 
 
This study was set to explore the emerging bioenergy business at Finnish 
independent industrial sawmills, and to draw some conclusions about their 
future perspectives on bioenergy production and investments. At the moment 
Finnish forest industry is undergoing one of the most radical changes in the 
history of whole industry, and these changes affect also sawmilling industry. 
Bioenergy business has been highlighted as a worthy alternative alongside 
the traditional sawmilling operations, and its share in the terms of total 
turnover is expected to rise within every future-oriented sawmill. Current 
trends and structural changes, especially in pulp and paper industry, are 
creating more space and a demand for increased bioenergy production. 
Different bioenergy applications may become very attractive also because of 
the bioenergy-favouring energy and climate policies, while the soaring market 
prices of fossil fuels are likely to strengthen both supply and demand of 
bioenergy, too. And as by-products form a significant part of sawmills´ total 
material flow, there is a lot of raw material available for bioenergy production. 
 
Despite the promising theoretical pre-conditions there seemed to exist some 
barriers connected to actual realization of extensive bioenergy business and 
planned bioenergy-related investments at Finnish independent industrial 
sawmills. On the common level it seems obvious that respondents´ level of 
activity and devotion connected to bioenergy indicates a wide divergence. It 
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is quite natural that individual sawmills have different emphases and 
priorities.  Some of them are more dynamic, have better pre-conditions in 
terms of machinery, financing etc., and have therefore adapted an active role 
in the development of bioenergy business. About two fifths of the 
respondents were determined to continue their bioenergy-related 
investments regardless of their desired objectives´ realization. However, for 
some other sawmill managers bioenergy may still be a novel and too risky 
business, or they might feel that bioenergy is not going to be a future 
megatrend or a success story. In future studies it would be very valuable to 
dig deeper into the reasons behind these managerial decisions concerning 
sawmills´ future course selections and investments. 
 
 According to the results of this study, the most important resources and 
processes were connected to raw material procurement and customer 
relationships. However, as the resources connected to raw material use are 
not considered to be a source of sustainable competitive advantage, the 
resources and processes connected to customer relationships and 
collaboration should therefore have a more dominant role in pursuit of a 
broader resource base and successful execution of the strategic 
management processes related to sawmill´s bioenergy business. 
Furthermore, as almost all sawmilling firm´s resources are very closely 
connected to “green values”, a sawmilling firm can quite easily absorb the 
environmental strategies of the natural-resource-based view, and yield higher 
performance and sustained competitive advantage through this path. In 
future studies it would be interesting to study closer the amount, type and 
success of the materialized collaborations between independent industrial 
sawmills and their possible partners. 
 
Along with the quality of customer relationships, the factors connected to 
government´s energy policies, availability of financial support and subsidies, 
and demand and prices of energy products were considered to be most 
significant for the sawmills´ future bioenergy business. These factors are 
usually out of reach of an individual sawmill, and set by the public authorities 
and the free markets. According to the results, it seems that these factors 
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form a single most important reason for private sawmills to hold back their 
future investments connected to bioenergy business. Therefore, the need for 
a sound solution related to public financial support and subsidies is of a 
highest priority. In future studies it would be extremely fruitful to untangle 
more closely the effects of these governmental financial actions and policies 
on independent industrial sawmills, and to find out what kind of investments 
private sawmills have actually made connected to bioenergy business. And 
as the sawmill managers felt that their bioenergy is not treated equally 
compared to other bioenergy producers, it would be also interesting to find 
out what kind of changes the sawmill managers would require in order to 
expand their bioenergy production. 
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APPENDICES 
 
Appendix 1. The first round questionnaire with the covering letter 
 
Energiantuotannon liiketaloudelliset mahdollisuudet itsenäisillä sahoilla 
Suomalaisen sahateollisuuden toimintaedellytysten parantamisessa energiantuotannon 
mahdollisuudet on viime vuosina nostettu usein esille. Liiketaloudellisesta näkökulmasta 
sahojen bioenergiantuotantoa osana sivutuotteiden hyödyntämistä on toistaiseksi tutkittu 
niukasti, vaikka energianmyyntiin siirtyminen edellyttää yrityksiltä uudenlaista liiketoiminnan 
suunnittelua. 
Tämän kyselylomakkeen tarkoituksena on tutkia liiketaloudellisesta näkökulmasta sahojen 
bioenergiantuotannon kehittämiseen liittyviä haasteita ja mahdollisuuksia liittyen sekä 
investointien toteutukseen, tuotannontekijöiden käyttöön että julkisen sektorin 
päätöksentekoon. Kysely liittyy Helsingin yliopiston Metsätieteiden laitoksessa käynnissä 
olevaan väitöskirjatutkimukseen. Hankkeen tarkoituksena on tuottaa erityisesti sahoille että 
poliittisille päätöksentekijöille uutta tietoa bioenergiakysymysten merkityksestä Suomessa 
toimivien itsenäisten sahojen toimintaan. Suomen ympäristökeskus (SYKE) toimii hankkeen 
yhteistyökumppanina vastaten myös tähän kyselylomakkeeseen liittyvästä 
aineistonkeruusta. 
Itsenäisten sahojen liiketoimintamenestystä on viime vuosina tutkittu tuotannontekijöiden 
käytön näkökulmasta osana Katja Lähtisen väitöskirjatyötä. Tutkimustuloksia on julkaistu 
mm. Puumies-lehden numerossa 6/2009 (http://www.metla.fi/ohjelma/puu/lahtinen.pdf) sekä 
Metsätieteen aikakauskirjan numerossa 2/2010 
(http://www.metla.fi/aikakauskirja/full/ff10/ff102172.pdf). 
Aineiston keruuseen ja käsittelyyn liittyen todettakoon, että kaikkea esille tulevaa tietoa 
käsitellään hankkeessa luottamuksellisesti siten, ettei tuloksista ole mahdollista tunnistaa 
yksittäisten yritysten tietoja. 
Kiitämme jo tässä vaiheessa lämpimästi osallistumisestanne. Mikäli haluatte lisätietoja, 
vastaavat hankkeen tutkijat mielellään esittämiinne kysymyksiin. 
 
Anne Toppinen  Timo Etholén 
Professori, puumarkkinatiede Tutkimusavustaja, ympäristönhoitaja 
Helsingin yliopisto SYKE, Joensuun toimipaikka 
Katja Lähtinen 
Tutkija, MMT 
SYKE, Joensuun toimipaikka 
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1. Tuottaako sahanne energiaa muuhun kuin omaan käyttöön eli 
myytäväksi yrityksen ulkopuolelle? 
Energiantuotannolla tarkoitetaan tässä yhteydessä sivutuotteiden 
tai muun puubiomassan jalostusta esim. lämmöksi osana 
sahausliiketoimintaa. 
 
Kyllä 
   
 
 
Ei  
Siirry kysymykseen 11. 
2. Onko kyseessä lämmöntuotanto, yhdistetty sähkön- ja 
lämmöntuotanto (CHP), pellettien valmistus tai muu jalostus? 
  
  
3. Kuinka kauan sahanne on myynyt energiaa yrityksen ulkopuolelle? 
 
Vuodesta 
 
4. Mitä raaka-ainetta käytätte myytävän energian tuottamiseen? 
 
 
 
 
 
  
5. Ketkä ovat tärkeimmät asiakkaanne energian yrityksenne energian 
myynnissä? 
 
 
 
  
  
6. Tuotantolaitteiden ja rahallisten resurssien lisäksi, mitä muita 
tuotannontekijöitä energiantuotanto edellyttää yritykseltänne?  
Tällaisia muita tuotannontekijöitä ovat esimerkiksi sahan sijainti, 
koneet ja laitteet sekä johtajien ja henkilökunnan osaaminen. 
  
  
7. Onko sahallanne energiantuotantoon liittyviä yhteistyösuhteita 
esimerkiksi muiden yritysten tai kunnan/kaupungin kanssa? 
 
 
Kyllä Ei  
Siirry kysymykseen 9. 
8. Mitkä tahot ovat tärkeimmät kumppaninne yhteistyössä? Millaisia 
ovat sahanne energiantuotantoon liittyvät yhteistyösuhteet? 
Yhteistyöllä tarkoitetaan muun muassa epämuodollista 
verkostoitumista, pitkäaikaisia toimitussopimuksia ja mukanaoloa 
energiantuotanto-osuuskunnissa. 
  
  
9. Mikä oli energian myynnin osuus sahanne liikevaihdosta vuonna 2009?  
% 
81 
 
10. Millaisia energianmyyntiin tähtääviä investointeja sahallanne on tehty? 
Milloin investoinnit on tehty? 
  
  
11. Onko sahallanne suunnitelmia tehdä energianmyyntiin liittyviä 
investointeja tulevaisuudessa?  
 
Ellei suunnitelmia ole, miksi ei? 
 
 
Kyllä Ei 
Siirry kysymykseen 15. 
  
12. Mitkä syyt ovat tärkeimpiä energianmyyntiin liittyvien investointien taustalla? 
 
 
 
 
 
 
  
13. Ovatko yhteiskunnan tuet tai energian syöttötariffi vaikuttaneet sahanne 
energianmyyntiin liittyvään investointiaktiivisuuteenne? Jos ovat, miten? 
 
 
 
 
  
     
14. Onko investoinneissa kysymys   
a) Nykyisen tuotantokapasiteetin laajentamisesta?  
 
Kyllä Ei 
b) Kokonaan uuden tyyppiseen energiantuotantoon tähtäävistä 
uusinvestoinneista? 
 
Kyllä Ei  
Siirry kysymykseen 15. 
c) Millaista energiantuotantoa (esim. lämmöntuotanto, yhdistetty sähkön- 
ja lämmöntuotanto (CHP), pellettien valmistus, pyrolyysiöljyn 
valmistus) varten uusinvestointeja tehdään? 
  
    
15. Onko sahojen energiantuotantoon liittyvässä yleisessä keskustelussa 
erityisiä kysymyksiä tai muita yleisiä seikkoja, jotka haluaisitte tässä 
yhteydessä nostaa esille? 
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Appendix 2. The second round questionnaire 
 
HELSINGIN YLIOPISTO 
MAATALOUS – METSÄTIETEELLINEN TIEDEKUNTA, METSÄTIETEIDEN LAITOS 
Matti Toivio  
 
Emerging bioenergy business at Finnish independent industrial 
sawmills 
TOISEN KIERROKSEN KYSELY (syys-lokakuu 2011) 
 
BIOENERGIA = lämpö ja sähkö, jonka tuottamiseen on käytetty kuorta, haketta, 
purua, lastua yms. sahauksen sivutuotteita, sekä niistä valmistetut pelletit, briketit 
yms. jatkojalosteet (sisältää myös lämmön/sähkön tuottamiseen muille myydyt 
sivutuotteet ja jatkojalosteet) 
Kysymykset: 
1. Kuinka paljon merkitystä seuraavilla arvoketjun prosesseilla on yrityksenne 
bioenergian tuotannossa? 
(Merkitse tyhjälle viivalle sopivin vaihtoehto asteikolla 1-5 -> 1=ei merkitystä, 2=vähän merkitystä,  
3= jonkin verran merkitystä, 4=paljon merkitystä, 5=erittäin paljon merkitystä) 
 
a) ___ Raaka-aineen saatavuus ja hankinta 
b) ___ Raaka-aineen hallinta ja varastointi sahalla 
c) ___ Tuotantoteknologian saatavuus ja hankinta 
d) ___ Tuotantoteknologian hallinta ja ylläpito 
e) ___ Bioenergiatuotteiden valmistus ja jalostaminen 
f) ___ Bioenergiatuotteiden varastointi ja jakelu 
g) ___ Bioenergiatuotteiden markkinointi 
h) ___ Asiakassuhteiden ylläpito 
 
2. Kuinka merkittäviä seuraavat yhteistyömuodot ovat yrityksenne bioenergian 
tuotannossa? 
(Merkitse tyhjälle viivalle sopivin vaihtoehto asteikolla 1-5 -> 1=ei merkitystä, 2=vähän merkitystä,  
3= jonkin verran merkitystä, 4=paljon merkitystä, 5=erittäin paljon merkitystä) 
 
a) ___ Epämuodollinen yhteistyö (esim. osallistuminen yhteisiin tilaisuuksiin ja projekteihin) 
b) ___ Satunnainen toimittaja / hankkija / markkinoija / jakelija tms. sopimus 
c) ___ Pitkäaikainen toimittaja / hankkija / markkinoija / jakelija tms. sopimus (vuosi tai yli) 
d) ___ Yhteiset investoinnit liiketoimintaan (yhteisyritykset, liikekumppanuudet tms.) 
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3. Missä prosesseissa (ks. kysymys 1) ja millainen (ks. kysymys 2) yhteistyö olisi 
erityisen tärkeää? (Vastaa tyhjälle viivalle -> Vastausesimerkki: 1c/2b) 
 
_________________________________________________ 
 
 
 
4. Kuinka paljon seuraavilla asioilla on merkitystä yrityksenne bioenergian 
tuotantoon ja investointeihin tulevaisuudessa (nykyhetki –> 2020)? 
(Merkitse tyhjälle viivalle sopivin vaihtoehto asteikolla 1-5 -> 1=ei merkitystä, 2=vähän merkitystä,  
3= jonkin verran merkitystä, 4=paljon merkitystä, 5=erittäin paljon merkitystä) 
 
a) ___ Media ja yleinen mielipide (bioenergia, ilmastopolitiikka jne.) 
b) ___ Valtion energiapolitiikka ja saatavilla olevat julkiset investointituet 
c) ___ Massa- ja paperiteollisuuden tuotannon vähentyminen 
d) ___ Raaka-aineen hinta 
e) ___ Fossiilisten polttoaineiden (ml. turve) hinnat, tuet ja verotus 
f) ___ Takuu riittävän korkeasta bioenergian hinnasta (syöttötariffit, preemiot, verotus) 
g) ___ Riittävä ja vakaa bioenergian kysyntä 
h) ___ Asiakaskunnan läheisyys ja laajuus 
i) ___ Asiakassuhteiden laatu (luotettavuus, jatkuvuus, tyytyväisyys jne.) 
j) ___ Yksityisten sijoittajien ja rahoittajien panos 
k) ___ Sopivien yhteistyökumppanien löytyminen 
l) ___ Yrityksen maantieteellinen sijainti 
m) ___ Tuotantoteknologian kehitys 
n) ___ Käytettävissä oleva logistiikka metsästä sahalle (kuljetus ja varastointi) 
o) ___ Käytettävissä oleva logistiikka sahalta asiakkaalle (varastointi ja kuljetus/siirto) 
p) ___ Yrityksen oman työvoiman osaaminen 
q) ___ Pätevän työvoiman saatavuus työmarkkinoilta 
r) ___ Bioenergian markkinointi 
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5. Rastita sopivin seuraavista vaihtoehdoista: 
 
____ Jos yrityksemme tulevaisuudessa saavuttaa haluamansa tavoitetilan 
(materiaalinen, taloudellinen, poliittinen, henkinen jne.), niin se aloittaa 
bioenergian tuotannon / jatkaa bioenergiaan liittyviä investointeja. 
 
____ Vaikka yrityksemme ei tulevaisuudessa saavuttaisikaan haluamaansa 
tavoitetilaa (materiaalinen, taloudellinen, poliittinen, henkinen jne.), niin se aloittaa 
bioenergian tuotannon / jatkaa bioenergiaan liittyviä investointeja kaikesta 
huolimatta. 
 
____ Yrityksemme ei ole aikeissa aloittaa bioenergian tuotantoa / jatkaa 
bioenergiaan liittyviä investointeja. 
 
